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SKETCH OF THE LIFE AND WORK OF 

AUGUSTUS WING. 

By Henrv M. Sbely, Middlcbury, Vermont. 

Portrait. 

In this loving record of a portion of the Hfe and work of 
the reverend Augustus Wing, the writer can scarcely proceed 
without at once calling attention to two facts that come inci- 
dentally into the story. The first of almost universal recogni- 
tion is that the science of geology^ up to a very recent date has 
largely been wrought out by persons engaged in teaching. 
Their results have in the main been made possible by the wise 
husbandry of school vacations together with the economical 
use of hours between exacting class-room duties. 

The preparation of an address that fellow-workers will care 
to remember, or of papers which they will care to read and re- 
read are the results of long time and labor, and these contribu- 
tions represent only a fraction of what they have really accom- 
plished. This labor of love may properly be regarded as an 
overflow. The field of science has been made fertile by this ir- 
rigation. 

Exceptions, indeed, there are that at the same moment 
startle, inspire and depress, as when some favored genius sends 
forth in quick succession' notable contributions to science. This 
is the exception ; the rule holds. The rare occasional papers 
have been the revelation of thoughts and researches of well 
filled hours coming between lecture and lecture, or left over 
from other professional work. 

The other fact of rarest recognition is that science may be 
the richer from the gCKxl service rendered by one who never 
made a popular address nor presented to society or editor a 
valuable scientific paper. 
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The subject of this sketch, the reverend Augustus Wing, 
was born at Rochester, Vermont, November 19, 1808. 

We need not go far back to estabhsh the character of the 
stock. James Wing, of Hardwick, Mass., the grandfather, was 
a member of the "Committee of Correspondence" in the early 
days of the American revokition. The father, also James, was 
a volunteer from Hardwick in the second war with Great 
Britain. 

To the home of the first James, the grandfather, came thir- 
teen children. The third son, the sixth of the family, named 
for his father, grew to early manhood in Hardwick. He was 
noted for great ingenuity and sturdy self-reliance, qualities 
much needed in those days of pioneer life. This James, with 
other enterprising men, found his way to Rochester, where for 
a little he spent his summers. When, however, the place at 
Rochester had in part been prepared as a home, he with his 
young wife, Hannah Wetherbee, in the spring of 1804, l^^t 
Hardwick for a permanent place in Rochester. It was a horse- 
back journey they had. Blazed trees marked the way to what 
Avas to be their home nest, husband and wife each carrying a 
fledgling perched on the saddle. 

To the two sons brought from Hardwick was added the 
third, Augustus, at the above-mentioned date, November 19, 
1808. Other children, sons and daughters came to the family, 
until the number in all was eleven. 

The children enjoyed such school privileges as Puritan 
pioneers were always and early accustoined to give. The 
father of Augustus prized the advantages of higher schools of 
which he had been deprived in* part, and he looked with favor 
on the plan of the son when he proposed to carry his studies 
beyond the range which the home school afforded. On the 
other side of the Green mountains, to the west, settlements had 
l)een made, earlier than that at Rochester; the comforts and 
privileges of such life had outrun those of the eastern side. 
High schools and academies had already been founded. So 
when young Augustus wished to pursue his studies further he 
had to cross the mountain range. A school of past and present 
high repute, the Burr and Burton Seminary, at Manchester. Vt., 
attracted him. and here with his father's approval, he entered 
ui)on college preparatory studies. In 1835 he was admitted to 
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Amherst College and graduated with his class in 1839. His 
studies were of great interest to him ; mathematics, physics and 
the languages especially were a great delight to him. After his 
college graduation he went to Andover Theological Seminary, 
where from 1840 to 1842 he studied in preparation for the gos- 
pel ministry. 

The records in the hands of the writer are too scant to per- 
mit him to speak with authority in regard to this early period of 
Mr. Wing's professional life; and of his ability as pastor and 
preacher. This, however, may be asserted : Friends, acquaint- 
ed with his high attainments at Amherst and Andover, and 
knowing his rare mental endowments, thought him to be enter- 
ing a field wide in influence and rich with the promise of use- 
fulness. They say of his discourses, that they were logical, 
sympathetic, impressive and often eloquent. 

But Mr. Wing's work was not to consist alone in preaching. 
Early in his ministry a sudden wrench, perhaps a great disap- 
pointment "where he had garnered up his heart'* came to him. 
He stepped aside from the path that had seemed so plain, but 
now uncertain to him, and walked alone in another, that of 
teaching. Teacher and investigator he became. Not at all 
did be abate his interest in the studies he loved in his years of 
preparation. The truths of the scriptures, and the languages 
in which they were originally written were a source of interest 
to him. And so when the week day teaching was done or the 
week's exploration was over, he was ready to give Sunday and 
Bible instruction to such as were waiting for a mental and spir- 
itual replenishment. 

Academies and high schools w-ere fortunate when they se- 
cured Mr. Wing as princii>al. His pupils never fcfrgot his im- 
pressive ways of instruction. His method of teaching looked to 
the arousal of the highest intellectual powers of his scholars. 
Thought stimulated, investigation undertaken, individual judg- 
ment exercised, were in Mr. Wing's estimation of far greater 
value to file pupil than the acquisition of many facts from 
printed pages. The young people he trained never forgot their 
teacher. His example impressed them powerfully, and under 
his training they acquired an originality of investigation and an 
independence of thought that wera^ of life-long value to them. 

It may not be quite possible to say why a single one of the 
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branches of Mr. Wing*s well-rounded study should have passed 
to the front. But the fact remains! Geology took the lead 
and became first the prominent then later the all absorbing- 
topic ; the constant theme of his study. Teaching itself became 
in a way only subservient in carrying forward his geological in- 
vestigations. A generous enthusiasm came to his aid in the 
pursuit of his favorite research. So all available time and 
means were made contributors to the great object of solving 
self-imposed geological problems. 

Geolog\' is richer for this devotion to the advancement of the 
science. Vermont geology especially, has profited by taking 
to heart of a great unanswered question. Passing over many 
suggestions that readily arise as to the cause of his entrance 
upon this particular field wc may go at once to the great subject 
of Mr. Wing's investigations. He himself states that in 1865 
he came to the "determination to ascertain, if possible, the geo- 
logical age of the limestones, slates and quartzytes of the Otter 
Creek vallev." 

A few words here regarding the field, as well as the rocks, 
may help to a clearer understanding of the self-imposed task. 

Otter creek, better Otter river, the longest stream within 
Vermont, has its source in Dorset, Bennington county, flows 
north through the western part of the state, receives many af- 
fluents in its course through the counties of Rutland and Addi- 
son, and has its mouth at Fort Cassin, on lake Champlain in the 
north part of Addison county. The region studied by Mr. 
Wing is part of an area of the crystalline limestone of middle 
and western Vermont. To the south the rocks are connected 
with those of Massachusetts and Connecticut, while on the 
north they are related to those reaching up to the Canadian line. 
The more special field of exploration was the part of the lime- 
stone region lying between Rutland and Morriston north and 
south, and the adjoining region reaching westward to lake Cham- 
plain. The crystalline limestone of the Otter valley had in the 
\'crmont geological report of Hitchcock been designated as the 
"Eolian limestone." 

This limestone, this "Eolian," with its sandstone beneath 
and its slates above; what its geologic age? This was the 
(luestion which Mr. Wing asked and which he set himself res- 
olutelv to answer. 
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The task for one of Mr. Wing's surroundings was immense. 
The problem was intricate and one that took years to solve. 
In the solution appeal must be made to the rocks themselves. 
It is asserted that the feet of this explorer have stood upon every 
square rod of exposed rock within the region of his survey. 
The lithological character of the rocks, their dip, their order, 
their fossil contents, all must be known. He carefully noted 
the superposition of the rocks, measured the dip with a clinom- 
eter of his own construction, and sought, with wonderfully ob- 
servant eves for traces of fossils. 

The rocks of this region had been so folded, broken and 
worn that at first their true position was uncertain. The 
fossils, too, in the partly metamorphosed rocks were mostly 
faded and obscure; their identification difficult. But as the 
secret of the age of the fomiation must be unlocked by these 
fossils, this key was most carefully and in time successfully 
sought. Many of these fossils Mr. Wing himself determined, 
but for verification and in cases of doubt he turned to Mr. Bill- 
ings, of the Canadian geological survey, from whom he received 
courteous attention and generous help. 

So the search went on for years, summer and winter, holi- 
days and vacations. Holidays gave Mr. Wing opportunity for 
investigating the near-by rocks, vacations afl^ord^d him time 
to visit far-away places in the state or in adjoining states, 
wherever he hoped he might get light upon his problem. It 
was as though he were working at a broken and tangled skein. 
By study of the composition of the rocks, by the use of the 
clinometer, but above all, by the careful comparison of fossils 
he disentangled the knotted, broken skein and by placing the 
separate threads beside each other, he arrived at a knowledge 
of the true relation of thread with thread ; he determined the 
right order, the real sequence of the rocks. His problem was 
solved ! 

The problem : the age of the limestones of the Otter valley, 
with the associated sandstones and slates. The rocks were 
those designated Lower Silurian ; the sandstones were the Lower 
and L'pper Potsdam, the semi-crystalline limestone, the '*Eo- 
lian" was not a single formation, but was made up of rocks of 
the age of the fossiliferous formations along the lake shore, 
now known as I>eckmantown. Chazv, l>lack River and Trenton ; 
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the slates were mostly the Uitca slate lying in many cases con- 
formably above the Trenton limestone. 

So the views of Mr. Win^ may be fairly expressed in a 
few words. The limestone region of the Otter valley lies with- 
in a great syncline. On the east it is bordered essentially by 
ridges of quartzyte, which extend along the western foot of the 
Green mountains ; on the west by the red sand rock whose ele- 
vation and fracture forms the great fault north and south, seven 
to nine miles from the Champlain shore. The axis of this syn- 
cline descends southward, while on the north it rises until the 
worn rims of the siliceous rocks, the quartzyte and red sand 
rock very nearly approach and unite. Within this trough lie 
the limestones and slates. These are of the age of those that 
lie west of the great fault, the fossils of which long ago placed 
them with the Lower Silurian. These strata originally de- 
posited in regular order, by some grand mountain-making 
movement have been folded, comnressed, snapped and displaced ; 
the fossils by the same movement largely obliterated. The 
great syncline was left with subordinate north and south anti- 
clinals and synclinals ; the whole complex was exposed to the 
subsequent abrasions of geologic time. 

It was the planing down and the enormous wastage from 
without, together with the great modifications of structure and 
position of strata within, that disguised their true character and 
relationship, made the order and age of the rocks such a hard 
problem. Time, diligence, ability were needed. And we have 
seen how Mr. Wing solved it. It was to him a ten-years* 
problem. 

Mr. Wing had been slow to make known his researches, 
wishing apparently to put his theory beyond any possible over- 
throw by adverse criticism. Typical localities were re-exam- 
ined that every weak point might be strengthened. He at 
length was clear in his own conclusions. He now wished the 
geological world to share with him in the results of his labors. 

It was a rare day to Mr. Wing when he secured the prom- 
ise from professor J. D. Dana to look into the facts, the basis 
of his theory. By arrangement a narty consisting of professors 
Dana, Genth, Prime and Blake came together on July 9, 1875, 
at Great Rarrington, Mass. A friend acquainted with the facts 
writes: "It was the climax in his life when Mr. Wing met 
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professor Dana and a party of geologists at Great Harrington, 
Mass.," and there began to unfold his theory, verifying each 
position as they traveled through the Berkshire hills, and 
Hoosac valley, and made their way north, traversing the entire 
length of his native state, crossing and recrossing the Green 
mountain range, by which time his theory had given place to a 
deep conviction that it was correct. To Mr. Wing this, with- 
out doubt, was a moment of great triumph, when the great im- 
portance of his contribution to science was thus recognized by 
the highest authority in America — perhaps the highest in the 
world." 

It is not to be asserted that all obscurities of the region, such 
as the relations of the lower to the upper Potsdam, the slates at 
the middle and southern part of the state, the exact age of the 
most disturbed and metamorphosed strata near the quartzyte, 
have been fullv removed. But in the main what was to be done 
had been done, and Mr. Wing made good his early assertion, 
**That all the rocks in Addison, Rutland and P>ennington coun- 
ties between the great break on the west and the quartzyte on 
the east were Lower Silurian." The minor facts he could put 
over for later time, or leave indeed to others who should catch 
enthusiasm from the work and the success of the master. 

It would have been fortunate for science if Mr. W'ing could 
'lave written out his observations and discoveries. This work 
he fully intended to do. l>ut he found so much in the field thar, 
as he thought still demanded his attention, the writing was 
put off. He was ever finding his delight, as well as his reward, 
in his discoveries; so he neared his bound without having re- 
ceived personally the appreciative acknowledginent his fellow- 
workers would have gladly accorded him. 

The work in the field of the season of 1875 had been severe 
and exhausting to him, now advancing in age, and he retired 
to Whiting, Vt., to accept the ministries of a sister and her fam- 
ily. Here this stalwart man, with large frame and great heart, 
with the broad intellectual range of the mature man. and yet 
with the simplicity of a child, of great good nature and ni- 
capable of resentment, over-flowing with enthusiasm and kind- 
ling like enthusiasm in others, came to take a needed rest. 

Undiscovered truths of his loved science were bcckoninc; 
inm on. But there were other discoveries and other l)eckon- 
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ings. A fever set in ; his peaceful death came tcx) soon for sci- 
ence, for on January 19, 1876, he made the great. discovery. 

As before intimated there is no bibliography. And yet his 
line has gone out into all the recent literature of the rocks of hrs 
region. Probably a part of Mr. Wing's work has been lost be 
yond recall ; but from field notes, letters, and incomplete papers, 
these latter evidently designed to be elaborated for publication, 
the greater part through professor James D. Dana's sympa- 
thetic labor has been recovered. 

This writing gives but an inadequate idea of the real work 
of Mr. Wing, and so the writer most earnestly requests the 
reader to turn to an article in the American Journal of Science, 
Series III, Vol. xiii, page 332 and subsequent papers, that he 
may get a more nearly correct estimate of this work and its in- 
fluence. 

Fragments of significant paragraphs from professor Dana's 
article read : 

''Mr. Wing, by the use of his spare time amid the duties of 
teaching, accomplished vastly more for the elucidation of the 
age of the Vermont rocks than had been done by the \'ermont 
Geological Survey. * * * * ^r. Wing's discoveries shed 
light not on these rocks alone" (Eolian limestone and adjoining 
formations), **but also on the general geology of New England 
and eastern North America." 

But the whole article and related one3 should be read, for 
with this incomplete sketch in hand one gets but a glimpse of 
Mr. Wing's real work. Yet, with even this, the reader may 
recognize something of the obligations science is under to one 
who with his surroundings did his best for geology and did so 
well. Wherever his careful, helpful, self-denying researches 
are known there an ai)prcciative recognition of Mr. Wing's 
contributions to science is sure to be accorded. 
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BEACH STRUCTURE IN MEDINA SANDSTONE. 

H. L. Fairchild, Rochester, N. Y. 
PLATES II-VI. 

Since Dr. James Hall published, nearly sixty years ago, his 
''Geology of the Fourth District," the Medina sandstones of 
western Xew York have been regarded as shallow-water de- 
posits. On pages 34 to 57 of that remarkable work he describes 
the markings which occur in great profusion in the sandrock 
and compares them with the features that he had studied on 
the living beach of Ontario. It is a fine example of inductive 
reasoning, and seemed to determine past all question the shoal - 
water genesis of the Medina sands. While the lower strata 
and the clayey beds were thought to indicate relatively deeper 
water, the quartzose bed, as at Lockport and Medina, were 
^'evidences of a sandv beach which was alternatelv washed bv 
the advancing and retiring waves and again left dry and above 
their reach." 

Subsequent workers on the Medina have followed Dr. 
Hall's conclusions, apparently without question, until a recent 
paper by Dr. Gilbert, which interprets certain curving and 
crested structures in the sandstone as "giant ripples" formed 
in deep ocean.* 

In examination of the Medina sandrock in numerous ex- 
posures and quarries between Rochester and Lockport the 
writer has found no reason for questioning its origin as beach 
sands, and believes that the ridges and hollows in question are 
typical beach structures. In this paper it is proposed to briefly 
-State the facts and argument. 

Character of the Sand Rock. 

The red Medina of western Xew York, 1075 feet thick at 
Rochester, is mostly an arenaceous shale and unfit for building 
material. In the upper horizon, and lying at the surface in 
the region of P>rockport, Holly, Albion, Medina, and Lockport, 
are thick lenses of nearly pure sandstone, in great demand for 
paving and buildings. \'ery thin laminae of clay occur in the 
seams of the sandrcKk, particularly in the concave ])artings. 
Locally the clay may constitute definite beds or may alternate 
with the sand layers. The ])articular ])oint is that the sand- 

• ^'Ripple Marks and Cross-bedding." Bull. Gcol. Soc. Amer., 10-155. 
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rock is typical beach sand and not deep-water material. This 
seems evident from the size and shape of the grains, and from 
the absence of the finer product of trituration in the sand lay- 
ers. The material is too coarse to be swept far off into deep 
water. 

Abrupt Changes of Material. 

In some sections there are frequent and sudden changes 
from clear sand to fine clay, as mentioned above, see figure 6, 
plate — . Such abrupt changes do not seem possible in deep 
off-shore waters, but are characteristic of shore deposits. 

Oblique Bedding. 

This is a very common and characteristic structure of the 
sandrock, so common indeed that it spoils a large part of the 
quarry product, and in many openings entirely prevents prof- 
itable working. Figure i, plate II, shows a fair example. 
The old Whitmore quarry, at Lockport, was not worked be- 
low a certain plane on account of this structure. 

Ripples, Wavelines Etc. 

These minor structures, the most common and convincing 
proof of wave work, are exceedingly abundant. Xo one can 
see the older sidewalks of western New York towns without 
being impressed with the beach origin of the flagging. Wave- 
lines are frequent in great perfection on the smoother flags,, 
while ripples are so common and so regular that the quarry- 
men call them ''washboards." Other features, as rill-marks^ 
wind effect, transported shells, etc., are also common. 

Ridges and Troughs. 

A frequent structure, and the one which suggested the idea 
of "giant ripples/' are curving seams, sometimes forming hol- 
lows or upward-facing concavities, sometimes making flat 
arches, and rarely forming crested ridges with slightly con- 
cave sides. Examples of these structures are shown in figures 
I to 8 and 13, plates II, III, I\\ V. To the writer there seems 
no reasonable doubt that these structures were produced in the 
process of deposition of the sand. They are not induced or 
secondary features but structural. Thin laminae of clayey 
material often make the separating planes. 
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The most interesting and significant of these structures are 
the sharp-crested ones. Examples are shown in figures 2, 
5 and 8, plates II, III, IV. Figure 5 shows the one which 
gave to the writer the clue to their origin. The photograph 
does not properly show the clean, sharp, straight crestline. 
Nor does it show what was at first a surprise and puzzle, the 
clear, unmistakable w^avelines that swing across the crest in 
varying curves. The overwash of the waves seemed incon- 
sistent with *the preservation of the sharp crestline. But this 
made necessary the study of the living beach, with the result 
that precisely similar structures were found uj>on the beach of 
lake Ontario; and the process of their construction was stud- 
ied. 

Figures 10-12 and 15, plates V, VI, are from pho- 
tographs of such ridges on the Ontario beach at Sea Breeze, 
near the outlet of Irondequoit lake. Figure 10 was taken late 
one afternoon while the lively waves and currents were build- 
ing the ridge. Figures 11 and 12 show the same ridge the 
next morning when the formative process had ceased. This 
ridge was built on the flank of a larger ridge formed a few 
days previous by a windstorm of greater force. Between the 
two ridges is a decided trough, into wdiich in this case has 
been thrown the wreckage of water plants. The ridge and 
hollow would on cross-section illustrate those formed millions 
of years ago on the sand beaches of the Medina sea. This 
trough had a breadth of perhaps ten feet, but others formed 
the same day along the same shore were twenty and thirty feet 
wide. The breadth of the trough is, however, of little signifi- 
cance as the trough is only a negative or passive eleinent and 
depends upon the accident of location of the second ridge with 
reference to the earlier ridge. The width of the same trough 
is also very variable. On the sea shore, with changing level 
of tidal waters, the ridges might sometimes lie far apart. 

In figure 10 we are l(X)king along the crested ridge in the 
direction of its growth as a spit. Before leaving the beach, 
late in the afternoon, several stakes were set at intervals ex- 
actly in the crestline. At the end of the growing spit a black 
post was set on the center line and at the height estimated as 
the average waterlevel. This post ap[)ears in figure 12. The 
following morning another visit was made to the place and 
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other photographs taken, of which two are reproduced in fig- 
ures II and 12. The poor Hghting in the last two views does 
not properly show the crestline, which was really as clear and 
definite as when figure 10 was taken. In figure 11 the crest- 
line is at the higher end of the instrument (a folding clinome- 
ter, one foot long) lying on the sand. This view shows that 
the later effect of the waves on the older part of the ridge was 
to shift the crestHne landward a few inches, the stakes show- 
ing its earlier position. Figure 12, facing the opposite direc- 
tion, shows how the spit had lengthened to a crested ridge, 
before the subsiding waves entirely ceased their action. 

The mechanics of the ridge-building involves some undeter- 
mined factors but the general process is evident. The sea- 
ward face of the ridge has the variable curve and angle pro- 
duced by the glide and push of the tongues of water from the 
broken waves. Along the line reached by the greater number 
of tongues of water there is built up an irregular, sinuous 
crest of sand which the water pushes up on its forceful ad- 
vance and leaves there as it softly retires or sinks into the 
thirsty sand. This line is often darkened by magnetite and 
garnet concentrated there, which suggests that there is a ten- 
dency to leave the heavier grains at the crest. The few 
stronger tongues of water which push clear over the crest do 
not destrov or break down or obliterate the crestline but do 
smooth it and straighten it into a clean, sharp line, the summit 
of a low angle. This line is usually as direct as the embank- 
ment of which it forms the crest. Sometimes it may be appar- 
ently straight for several rods, but really makes curves of 
large radius. 

The dimensions of these crested ridges on the Ontario 
shore were not accurately measured. They differ greatly in 
size, varying from a few inches to a few feet in height, and 
from a few feet to a score of feet wide at the base ; with a 
length sometimes of a few hundred feet. It would seem that 
with the greater bouyancy of sea water and the greater force 
of sea waves similar structures on the sea beach would often 
attain greater size, and the intervening troughs be cor- 
respondingly broader. However, some of these structures 
seen on the Ontario shore are comparable in dimensions as 
well as form with those found in the Medina sands. 
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At points where shoreline topography or streams produce 
diversion or conflict of currents the emhanknients may lie in 
different directions and may even enclose basins. Figure 15^ 
plate VI, show such a basin at the outlet of Irondequoit, and 
figure 14 shows a similar basin in the Medina, where basining 
dip is not infrequent. 

Argument against ''giant ripples/' 

1. For troughs 30 feet across Mr. Gilbert suggests weaves 
of the Medina sea 60 feet high. But the highest waves of the 
Atlantic are, according to Scoresby, only 43 feet high. On 
the other hand, the writer has seen troughs in the Medina 
sandrock up to even 80 feet across. 

2. If these ridges were deep-water ripples then we should 
expect to find ripples of all lesser sizes down to the common 
form. Can any geologist report true ripples broader than 
three or four inches? 

3. If these ridge-and-trough structures were deep-water 
phenomena then they should be common features in all deeper 
water deposits, as shales and limestones. Figure 6, plate III, 
shows a section in the old Whitmore quarry, north of Lock- 
port. The absence of curving structure in the shale is appar- 
ent, while a large concavity, 40 feet across, lies in the heavy 
bottom stratum of sandrock. This sand stratum is the same 
horizon as the one containing Mr. Gilbert's ridges, shown in 
figures 7, 8 and 9, and is about' 60 rods westward. 

As "giant ripples" these ridges should occur in series or 
succession of uniform direction, hight and spacing. On the 
contrary they are usually isolated and single and in the same 
quarry lie in different directions. The nearest approach to a 
series of crested ridges that has been found is shown in figure 
2, plate II. It will be seen that the ridges in this view are 
of diminishing size toward the right, while the larger ones at 
the left are rounded and without crests. These characters 
agree precisely with those found on the modern beach. It is 
only a series of diminishing size that can be formed, since a 
stronger storm necessary to make the larger ridge would cause 
the waves to override the previous smaller ridges and destroy 
them. The older ridge, exposed to the air and drying, soon 
loses its crest, if it had one, and assumes the rounded form 
seen in figure 2, plate II, and in figure 10, plate V. 
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5. The thin clay partings which occur in the seams of the 
hollows are inconsistent with uniform deep water conditions, 
but are more easily explained as beach phenomena. The mud- 
dy water often left in a trough after the storm will drop its 
finer material, which was held in suspension, and so produce 
the clayey layer. 

6. The crests of the ridges are sometimes truncated, which 
suggests erosion of previous deposits, and implies shallow wa- 
ter. 

7. The surfaces of the ridges sometimes bear the common 
small ripples, one to three inches across. Figure 9, plate JV, 
shows such small ripples over the crest of the ridge shown in 
figures 7 and 8. (The arrows placed on figures 7 and 8 point 
out the location of the ripples.) Their size may he estimated 
from the foot-rule lying beside them. The lower seams of the 
ridge also bear suggestion of fine rippling. 

8. The ridges sometimes preserve the marks of the waves 
that softly glided up or over them. As described above, wave- 
lines showed clearly on the ridge photographed for figure 5, 
but are not brought out in the view. Wavelines are quite un- 
mistakable features and their presence would seem to make the 
conclusion unavoidable that the deposits which hold them are 
beach deposits. 



THE MICHIPICOTEN HURONIAN AREA. 

A. B, WiLLiiOTT, Sault Ste Marie, Ont. 

On the northeast shore of lake Superior is a tract of about 
5,000 square miles known as the "Michipitoten Mining Divis- 
ion." Originally set apart because of the discovery of gold- 
bearing quartz, it now promises to become of more importance 
by reason of its iron bexls. The tracing of the iron belt dur- 
ing the past summer has given some better idea of the geolog- 
ical structure than was previously known. 

The oldest rocks of the district are the greenstone schists. 
Some of these are undoubted lava flows, showing the charac- 
teristic elliptical structure described by Clements,* as occur- 
ing in the Crystal Falls Hemlock formation. At a number of 
points agglomerates are found, as at Little Gros Cap fish sta- 

•Mon. XXX vi. U, S. Geol. Sur. 112-124. 
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tion, north of Goetz lake, east of IManitovvick, and elsewhere. 
Commoner occurrences are the various green schists, chlorite, 
hornblende, mica and sericite schists. Presumably all these 
schists are derived from lavas, basic and acidic. The dip of 
the schists is always nearly vertical and the strike follows close- 
ly the line of contact with the granite to be described later. 

Succeeding these schists, perhaps interbedded with them, 
are the earliest sediments of the region. The most character- 
istic of these is a belt of ferruginous chert, which has been 
found at intervals for about sixty miles. This rock consists 
of banded hematite and silica with usually some residual car- 
bonate of iron. The bands vary from one-tenth of an inch in 
thickness up to several inches. The silica is sometimes very 
like loaf-sugar; again it is like quartzyte, a chert, or a jasper. 
Red jasper is, however, not infrequent. The hill at the back 
of the Helen mine is a huge mass of siliceous carbonates. The 
rocks as a whole, and the mode of occurrence of the ore, are 
strikingly like the Lower Huronian iron formations of Mar- 
quette and Tower. 

Resides the iron formation, beds of carbonaceous shales 
and limestones have been recognized at several points. Shale 
occurs interstratified with the ferruginous chert at Iron lake. 
Near Paint creek and at Eleanor lake it has also been found. 
Whether it always underlies the iron formation is undeter- 
mined, but it probably does not. The cherty limestone has 
been traced in a fairly continuous line from the Helen mine to 
the east of Parks lake, a distance of twelve miles. 

Overlying these sediments is a very persistent belt of schist 
conglomerate. It is well exposed at the mouth of the Dore, 
where it was studied by Sir William Logan and described by 
him in the Geology of Canada*. Colemanf descri])es 
the lx)ulders as "granites most frecjuently, then (|uartzytes or 
sandstones with pebbles generally small, next green schists, 
then felsyte schists and por])hyroids, and finally a few gneisses, 
but none of the Laurentian type." A thin section of one of the 
quartzyte pebbles showed considerable carbonate, proving that 
it undoubtedly came from the iron formation. 

This conglomerate has been traced [)retty continuously for 
thirty-eight miles in a semicircular bolt around the central 

*Gcol. of Can. 1863. pp. .'-.3-4.. 

t«ur. of Mines. (Jnt. I.s89. viii, pp. 164-7. 
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granite boss. At many points, as at Iron lake, Dog river, Dore 
river, Wawa lake, it contains pebbles from the very characteris- 
tic iron formation which fixes its age as Upper Huronian. 

Within this conglomerate belt is a roughly oval area of 
granitoid gneiss, nineteen miles by twenty-eight. This has al- 
ways been mapped as Laurentian because of the striking litho- 
logical resemblance to the Ottawa gneiss. However, it is in 
undoubted eruptive relations with the conglomerate along the 
shore of Superior,* for example a few miles west of the 
Dore. A mile and a half up the Mag|)ie, a boss of granite is in 
eruptive contact with the conglomerate, and although it may 
not be of the same age as the larger boss three miles to the 
northwest, it probably is. In the opposite direction a succes- 
sion of granite-gneiss bosses intrusive in the schists are found, 
for six miles, after which the granitoid gneiss occurs without 
interruption for over a hundred miles. 

North of the mouth of Dog river and along (.Catfish creek 
search along the contact will probablv show it to be an eruptive 
one. Nowhere has the granite gneiss been found in actual con- 
tact with the iron formation, but no search was made for it. 
It might be found on the north shore of Kabenung lake. On 
Paint lake an intrusive granite-gneiss boss cuts the iron fonua- 
tion, and this is very probably of the same age as the similar 
eruptive rocks, two miles to the north and three to the south. 

The contacts of the granite gneiss with the green schists 
are much more numerous and in all cases the scliists are the 
older. Eruptive in all the foregoing are numerous dikes of 
diabase which seem to be of Keweenawan age. Other dikes, 
restricted to the green schists, are of course older. 

If the facts here given arc correct, the gf^ological succes- 
sion is different on the north shore of Superior from that de- 
termined on the south. There the larger areas of granite 
etc. are placed in the basement complex, later than the green 
schists but earlier than the lowest iron-bearing formation. 
Here a large area of granite-gneiss, nineteen miles by twentv- 
eight, is in eruptive contact with a conglomerate carrying very 
characteristic jxibbles of the Lower Huronian formation. Is 
this area of the same age as those usually designated Lauren- 
tian in Canada? I think so, and for these reasons: — 



•See also Coleman, Bur. of Mines, Ontarim, Tiii, p. 106. 
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( 1 ) Southeast of the Michipicoten river and reaching with- 
in nine miles of this area is an unbroken mass of granite-gneiss 
which extends 120 miles southeast to the original Huronian. 
If there is any Laurentian in the country, this nuist represent 
part of it. This Laurentian area extends six miles farther 
northwest in broken contact with the green schists. Three 
miles farther the area under discussion bears a similar relation 
to the same schists, though between there lies the trough filled 
with Lower ^id tapper Huronian sediments. 

(2 ) The two areas are alike lithologically, and might well 
be of the same age. 

(3) The large southern area is in eruptive contact with a 
conglomerate south of Michipicoten falls. This conglomerate 
has not been studied, and its age is unknown, but it cannot be 
earlier than Lower Huronian and is more likely Upper Huron- 
ian, as no Lower Huronian conglomerates have yet been recog- 
nized in the district. Accordingly, this Liuirentian is at least 
post-Lower I luronian, if not later, which makes the equivalency 
in age of the two areas at least probable. 

It will be urged that if all the granite-gneiss of the region 
is post-Upper Huronian there is no floor on which the early 
volcanic flows could be laid down. Possibly Lawson's sugges- 
tion regarding the Rainy Lake district ap])lies here also. In 
both regions are masses of green schists almost vertical, sur-^ 
rounding a batholith of granite in eruptive contact with them. 
Lawson held that if the granite was the original crust on which 
the volcanics had been deposited, it had afterwards been re- 
fused. 

At the Dore the pebbles of granite were probably derived 
from a mass now beneath the waters of Superipr. Xot only do 
they differ from the known exposures of granite to the north,. 
but the cherty ])cbl)les certainly came from a belt on the south, 
rjnly a few hundred feet of which is now visible on the penin- 
sula of (iros Caj). T\\Q way in which the conglomerate encir- 
cles the granite suggests that originally this central area was 
a water basin. The conglomerates surrounded the shores. 
and doubtless finer sediments occuj)ied the center of the dej>res- 
sion. The granite mass was then u])heaved, and tlu- schistos- 
ity pnjduced in the lavas and sediments through which it ex- 
truded. In places it is ivow found in contact with the l'f)j)er 
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Huronian conglomerates ; in others with the underlying green 
schists. 

Similar relations seem to hold in the original Huronian 
area. Murray's Lower Slate conglomerate is just such a rock 
as that at the Dore. It contains at nearly all points at least a 
few pebbles of chert or jasper derived from some earlier sedi- 
ment. Coleman* mentions such pebbles as being found in the 
so-called basal conglomerate at Thessalon. I have myself 
found very numerous and quite large pebbles (up to six inches 
diameter) of banded jasper, in both the Lower and Upper 
Slate conglomerate, forty miles up the Mississaga. Where the 
contact occurs between the Laurcntian gneiss on the north and 
the Lower Slate conglomerate, pebbles of jasper are also found, 
but not very abundantly. On the Mississaga the actual contact 
of the conglomerate and granite-gneiss seems to be an eruptive 
one. Murray's mapt shows a fault along the contact line by 
which he no doubt thought to explain the later consolidation of 
the granite-gneiss. His only printed statement is as follows .% 
*'The northern shore of the lake, and the mountains north from 
it, appear 'to be composed of granite and syenite: in both of 
which there is occasionally observable an obscure gneissoid 
structure, giving them the aspect of gneisses, so that here as in 
the valley of the Spanish river (page i) it is very difficult to 
sav whether thev are intrusive or altered rocks." 

Again, in describing a contact twelve miles east of Thessa- 
lon, Murray writes :§ **At the southeast end of lake Pakowa- 
gaming ( Mud lake) there are red quartzytes, slates, and other 
rocks of the Huronian age, whose place in the series is yet 
uncertain, hut they are all twisted, highly tilted north- 
ward or vertical, and on the southwest side of the lake for 
two miles up in the bights of the bays and in positions behind 
the greenstone points and promontories, there are exposures of 
well characterized massive gneiss * ^J- * fl^his] makes it 
very proba])le that we have here an exhibition of a i)ortioii of 
the Laurcntian series, brought up against the Huronian from 
a great depth.'' On the accompanyng atlas a fault line is 
shown for twenty-five miles where the formations come to- 
gether. My own observations last summer on lake J'akowa- 

*nur. of Mines, Ontario, viii, p. lOU, 
f^Jeo/. of Can., 18G3. Atlas. 
tdcol. of Can.. IXtVA, p. H4-'2. 
^Rep. (Icol. Sur. Can., 1S5H, p. 9r». 
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gaming, while indecisive because of poor exposures at the 
critical points, confirm Murray's conclusions. Only I would 
explain the facts by the later consolidation of the eruptive 
granite-gneiss — not by a fault. 

Several geologists have divided the original Huronian in 
two, making the break either above or below Murray's lime- 
stone band {c). While it is true that occasional pebbles of the 
limestone occur in the Upper Slate conglomerate I do not 
think the break is at all an important one. It is what Van 
Hise himself has described* as an intraformational conglomer- 
ate to be carefully distinguished from a true basal conglomer- 
ate. The two slate conglomerates of Murray are so much 
alike that they cannot be distinguished. Where the limestone 
band is absent, as it often is, they join, and Murray himselft 
confesses that he could not draw the dividing line. Tlie real 
break, I am convinced lies at the base of the Lower Slate con- 
glomerate and associated quartzytes. The Huronian of lake 
Huron is thus nearly all Upper Huronian. Logan's Huronian 
at Michipicoten included, however, a lower formation, charac- 
terized by its banded jasper and iron. 

The succession of Michipicoten would thus be: 

Keweenawan, volcanics and sediments, 

Laurentian, eruptives, 

L'pper Huronian, 

Lower Huronian. volcanics and sediments. 

In this arrangement, I know that I am ignoring the con- 
clusions founded on a supposed basal conglomerate at Thessa- 
lon described by Pumpelly and Van Hise.t The evidence here 
does not seem to be very decisive, since Barlow^ § interprets it 
in an opposite manner and after a recent examination I incline 
to his view. Moreover, if true it is almost an isolated case 
against which scores of observations have been made pointing 
to the eruptive character of the granite-gneiss. Tlie con- 
clusions of Barlow II in llie district extending from the Missis- 
saga to the Ottawa, seem to a])ply equally as well to the region 
from the Mississaga to the Michi])icoten and beyond. 

Max ?o, iQOi. 



*Prin. Pre-Camb. Geol., p. 723. 
^Rcp. Gcol. Sur. lH5ft. p. 94-. 
tAm.Jour. Sci. IMDL'. xliii. pp. 'J 'J 4, -'J 'A 2. 
§GeoI. Sar. Cnn. x. 1S1>7, p. 03, I and references. 
lUx pp. 59, r>0. 92. I. 
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THE AGE OF THE KANSAN DRIFT SHEET. 

By Oscar H. HbBSHBV, Berkeley, California. 

Although somewhat belated and subject to the generalizing- 
effect of impressions dimmed by time and the vicissitudes of 
rough life in a mining camp, I desire to add my quota in sup- 
port of the proposition that the Kansan drift sheet of the Mis- 
sissippi basin is a very old one. For some years I ha^e been in 
the ranks of those who maintain that the earlier glaciations of 
the Upper Mississippi region occurred long prior to the last or 
Wisconsin, but it is only recently that I have come to appre- 
ciate the significance of the evidence. 

The ''earlier drift" of northwestern Illinois is manifestly 
so much older than the lowan drift, that it was for some years 
correlated with the Kansan sheet of southern Iowa, Missouri 
and Kansas. Being surrounded by impressive evidences of 
the aged condition of the former, I was somewhat skeptical 
of the existence anywhere in the Mississippi basin of a drift 
sheet which could be proven to be of yet greater age than it and 
was not inclined to approve suggestions that the old drift of 
northwestern Illinois was more recent than the Kansan and 
probably a portion of the then latelv discriminated Illinoian 
sheet. 

In the summer of 1899, while on a pedestrian trip from 
Freeport, in Illinois, to Mena. in Arkansas, I took occasion to 
visit Mr. F. Levcrett at his home in Lee county, Iowa, and he 
conducted me across the broad smooth ridge which bounds 
the Illinoian drift and on to the Kansan area to the west. It 
was in this region, I beHeve, that ChamberHn first recognized 
the significant difference in topography of the two sheets now 
known respectively as Illinoian and Kansan. and his interpre- 
tation has been ably supplemented by the investigations of 
Leverett, as well as by detailed investigations by the Iowa 
ecological Survev."*' Mv conversion to their opinion was 
rapid and complete. Subsequently this was re-enforced by 
observations in northeastern Missouri where the Kansan drift 
sheet and its attendant erosion topograph t are typically devcl- 
oned. 

•A. fuller discussion of this subject is contained in Mr. Levcrett's report on 
the "niinois Glacial Lobe," fbmiing Monograph XXXVIII of the U. S. GcoL 
Survey. 
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The Kansan ice sheet left the territory of northeastern 
Missouri as a remarkably even plain sloping gently toward 
the southeast. The pre-Kansan erosion topography was com- 
pletely obscured, the valleys having been filled with drift 
(mainly till) to a hight greater than the rock ridges, so that 
the present drainage lines do not conform to the courses of pre- 
glacial streams. There w^ere apparently no moraines or eskers to 
interrupt the evenness of the plain. Although this original drift 
plain has been mainly destroyed by subsequent sub-aerial 
erosion, by looking across the summits of the main divides its 
outline may be distinctly seen. As in the case of a dissected 
peneplain, in the far distance the valleys disappear from view 
and the country has the appearance of yet remaining undissect- 
ed. It seems impossible to account for the fact that the crests 
of the main ridges of drift all fall into a single plane as the 
accidental result of the deposition of drift. 

Xow, the Kansan plain of northeastern Missouri has been 
very completely dissected. The drainage basins are long and 
narrow, but the vallevs are dendritic in character and the 
topography typically that of erosion. The main valleys have 
been trenched to a depth of 100 to 150 feet and have broad. 
Hat bottoms, one-fourth, one-half or not infrequently an entire 
mile in width. They are joined at frequent intervals by tribu- 
tary valleys, the ridges between which have been reduced much 
below the original plain level. In fact, it is only along a few 
of the main divided, as that followed bv the Santa Fe railroad 
between LaPlata and Moberly that the original plain remain^ 
practically undissected for a width of as much as one mile. It 
is the general degradation of the unland which is the most 
striking feature of [X)st-Kansan erosion. 

Railroads in crossing this area transverse to the main 
streams, as does the Santa Fe between LaPlata and the Des 
Moines river, only reach the level of the original plain at rare 
intervals. Vov three, five, or in places ten miles, in passing 
from one main divide across a basin to another high ridge, 
they are much below the level of the u])lan(I. Probably one- 
half of the material between the level of the main valley bot- 
toms and the original plain, a vertical interval in some sections 
of 150 feet, has been removed by erosion. In short, in terms 
of the geomorphologists,the topography may be said to be com- 
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paratively old, for fhe valleys occupy a large part of the sur- 
face, are of the basin tvne, and most of the ridges have been 
reduced much below the original level. 

Where the Illinoian ice sheet left the surface as a gently- 
sloping till plain as in western Illinois and southeastern Iowa, 
we find a distinctlv different type of topographv. Valleys are 
fairly numerous and in places loo or 200 feet deep, but they 
are of the canon type rather than of the basin tvoe so charac- 
teristic of the Kansan areas. Much of the surface has been re- 
duced but little below its original plain level and the railroads 
in crossing Illinoian areas transverse to the main drainage lines 
are most of the time on the plain so that the passenger may 
leisurely study the upland country while on the Kansan areas, 
as already mentioned, he catches but a fleeting glimpse of the 
old plain level as the train crosses a main divide. Surely this 
difference means something. Probably of the total amount 
of the Illinoian drift between the level of the main valley bot- 
toms and the oricrinal plain there has been removed by erosion 
no more than one-tenth or at most one-fifth. 

Where the Illinoian and Kansan areas adjoin as in Lee 
county, Iowa, the contrast in topography is great. The very 
thoroughly dissected and much eroded Kansan drift is over- 
looked by a broad ridge of Illinoian drift, whose comparatively 
steep slopes, if exposed to erosion as long as has been the former 
district, should be deeply trenched by valleys ; indeed, the 
moraine should be nearly destroyed. ?^or about one mile, just 
outside or west of the moraine, the Kansan erosion topography 
is mostly obscured, being buried under a sheet of silty material 
of Illinoian age. It is here evident that the Kansan area had 
largely received its present old erosion topography before the 
Illinoian drift was deposited on it. 

In southeastern Iowa the streams in the Kansan area did 
not cut down to so great depth as in Missouri, the larger prC- 
Illinoian valleys apparently having had a depth of only 50 or 
()0 feet, though they had a width of one or two miles. On 
page loT) of his admirable monograph on the "Illinois Glacial 
Lobe," Mr. Leverett says: "In the district occupied by the 
Kansan the erosion is so great that only narrow remnants of the 
original drift plain are preserved, along the water partings. l>ut 
in the district occui)ie(l by the Illinoian more than half of the 
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original drift plain is preserved, and that, too, on the imme- 
diate borders of the Mississippi where conditions for erosion 
are more favorable than in the area to the west which is occu- 
pied by the eroded Kansan sheet. The great contrast in 
amount of erosion supports strongly the view that a longer in- 
terval elapsed between the Kansan and Illinoian glaciations 
than between the Illinoian and the present time." To one 
who has given any attention to erosion studies in the district 
referred to the above conclusion appears quite conservative. 

In situations such as these old drift plains, the Wisconsin 
drift sheet has suffered practically no erosion, and the lowan 
also very little. These two sheets are, therefore, very, very 
recent as compared with the older. In northwestern Illinois 
where the country was hilly after the deposition of the drift, 
there is abundant evidence that the Illinoian or earlier sheet 
is much older than the lowan, but if it were so old as the 
Kansan it must have been almost completeb- destroyed by 
erosion. The eskers show great erosion, yet if of Kansan age 
they should be reduced to low rounded mounds instead of the 
sharp peaks w^hich they present. I think as a result of these 
comparative studies that there can be little doubt of the Illi- 
noian age of the drift in northwestern Illinois formerly known 
as Kansan. 

There is another phase of the subject to which I wish to 
call attention as it is a matter which I believe has not yet 
been discussed bv anvone : As the evidence shows that the 
Kansan drift sheet is very much older thail the Illinoian and 
later sheets, it may be suspected that it is even of greater age 
than the Quaternary era as the term is usually understood. 
The erosion effected on the Kansan drift plain is as great as 
many have been willing to credit as the capability of the entire 
Quaternary era. 

In passing off of the Kansan drift on to the unglaciated area 
of southern Missouri, I was surprised to find that the type of 
the erosion topography did not materially change. Where the 
tilting of the original plain surface was slight and the streams 
did not cut down deeper than in northern Missouri,, the vall*-'^ 
had the same shape and about the same amount of the plain re- 
mained. In the vicinity of Tipton, along the main divide be- 
tween the Missouri and Osage rivers, there is a Hat plain of 
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paratively old, for fhe valleys occupy a large part of the sur- 
face, are of the basin tvne, and most of the ridges have been 
reduced much below the original level. 

Where the Illinoian ice sheet left the surface as a gently- 
sloping till plain as in western Illinois and southeastern Iowa, 
wc find a distinctly different type of topography. Valleys are 
fairly numerous and in places lOO or 200 feet deep, but they 
are of the canon type rather than of the basin tvoe so charac- 
teristic of the Kansan areas. Much of the surface has been re- 
duced but little below its original plain level and the railroads 
in crossing Illinoian areas transverse to the main drainage lines 
are most of the time on the plain so that the passenger may 
leisurely study the upland country while on the Kansan areas, 
as already mentioned, he catches but a fleeting glimpse of the 
old plain level as the train crosses a main divide. Surely this 
difference means something. Probably of the total amount 
of the Illinoian drift between the level of the main valley bot- 
toms and the oriirinal plain there has been removed by erosion 
no more than one-tenth or at most one-fifth. 

Where the Illinoian and Kansan areas adjoin as in Lee 
county, Iowa, the contrast in topography is great. The verv 
thoroughly dissected and much eroded Kansan drift is over- 
l(X)kcd by a broad ridge of Illinoian drift, whose comparatively 
steep slopes, if exposed to erosion as long as has been the former 
district, should be deeply trenched by valleys ; indeed, the 
moraine should be nearly destroyed. For about one mile, just 
outside or west of the moraine, the Kansan erosion topographv 
is mostly obscured, being buried under a sheet of silty material 
of Illinoian age. It is here evident that the Kansan area had 
largely received its present old erosion top()grai)hy before the 
Illinoian drift was dei)osited on it. 

In southeastern Iowa the streams in the Kansan area did 
not cut down to .so great depth as in Missouri, the larger prC- 
Illinoian valleys apparently having had a depth of only 50 or 
60 feet, though they had a width of one or two miles. On 
page 106 of his admirable monograph on the "IllincMs Glacial 
Lobe," Mr. Leverett says: "In the district occupied by the 
Kansan the erosion is so great that only narrow renmants of the 
original drift plain are j^reserved, along the water i)artings. I*»ut 
in the district (xrcupied by the Illinoian more than half of the 
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original drift plain is preserved, and that, too, on the imme- 
diate borders of the Mississippi where conditions for erosion 
are more favorable than in the area to the west which is occu- 
pied by the eroded Kansan sheet. The g^reat contrast in 
amount of erosion supports strongly the view that a longer in- 
terval elapsed between the Kansan and Illinoian glaciations 
than between the Illinoian and the present time." To one 
who has given any attention to eroiiion studies in the district 
referred to the above conclusion appears quite conservative. 

In situations such as these old drift plains, the Wisconsin 
drift sheet has suffered practically no erosion, and the Towan 
also very little. These two sheets are, therefore, very, very 
recent as compared with the older. In northwestern Illinois 
where the country was hilly after the deposition of the drift, 
there is abundant evidence that the Illinoian or earlier sheet 
is much older than the Towan, but if it were so old as the 
Kansan it must have been almost comi)leteb' destroyed by 
erosion. The eskers show great erosion, yet if of Kansan age 
they should be reduced to low rounded mounds instead of the 
sharp peaks which they i)resent. I think as a result of these 
comparative studies that there can be little doubt of the Illi- 
noian age of the drift in northwestern Illinois formerly known 
as Kansan. 

There is another phase of the subject to which I wish to 
call attention as it is a matter which [ believe has nc^t yet 
been discussed by anyone : As the evidence shows that the 
Kansan drift sheet is very much older thari the Illinoian and 
later sheets, it may be suspected that it is even of greater age 
than the Quaternary era as the term is usually understood. 
The erosion e'ffected on the Kansan drift plain is as great as 
many have been willing to credit as the capability of the entire 
Quaternary era. 

In passing off of the Kansan drift on to the unglaciated area 
of southern Missouri, I was surprised to find that the type of 
the erosion topography did not materially change. Where the 
tilting of the original plain surface was slight and the streams 
did not cut down deeper than in northern ^Missouri, the valh'/s 
had the same shape and about the same amount of the plain re- 
mained. In the vicinity of Tipton, along the main divide be- 
tween the Missouri and (Jsage rivers, there is a Hat plain of 
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greater width than that at Moberly in northern Missouri. It is 
rounded on either hand by more deeply trenched valleys than 
those in the neighborhood of the Moberly plain. 

In general, I should say that under like conditions as to 
stream gradient, the valleys of southern Missouri are about 
twice as large as those of northern Missouri. Of course, the 
Ozark region has been abnormally uplifted and in a large por- 
tioa of it erosion trenches are much deeper than in any part of 
northern Missouri, but where conditions have been essentially 
alike (except for material eroded) there is far from as great 
difference in excavation accomnlished as we should expect ex- 
cept under our previous conceptions of the age of the Kansan 
drift sheet. 

If we compare the valleys of northern Missouri with that 
portion only of the valleys south of the Missouri river which is 
below the supix)sed Lafayette base level,* it will appear that 
there is scarcelv anv difference in the amount of material re- 
moved by streams of an c^iual size and an equal gradient ; if 
there is any difference it is in favor of the post-Kansan valleys 
of the drift ar^a. However, we must remember that the valleys 
(^f one region arc carved almost exclusively in drift and in the 
o^her in solid rock. There are many places in the glaciated 
area where tlie difference in power of resistance to erosion of 
ordinary till and such rock as commonly occurs in the Mis- 
sissippi basin may be observed. The ratio is not less than a^ 
1 :5. It is therefore certain that the valleys of northern Mis- 
souri have not been exposed to erosion as long as the i)ost- 
Lafayette valleys of southern Missouri, and we have no reason 
for carrying the age of the Kansan drift back into the Tertiary 
era. Indeed, from the relation along the boundary of the 
glaciated area of the drift sheet and valleys in solid rock, it ap- 
pears that the latter had been eroded to largely their present 
extent before the Kansan e])och. There are not yet known 
anv clear cases where this mav be studied, but it is known that 
the rock surface under the drift of northern Missouri is very 
uneven and contains valleys such as the Ozarkian valleys of 
southern Missouri. 

I have detected what I consider evidences in the Kansan 
area near Higginsville, about 30 miles north of the Missouri 
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river, of remnants of the Lafayette formation under the drift. 
If 'the identification prove correct, the Kansan drift will thus 
be demonstrated to be newer than the Lafayette formation. 
True, it has by many glaciahsts been so considered for years, 
but it is hardly proven. The evidence drawn from the valleys as 
given above is as yet the strongest which can be adduced. 

My present impression is that between the close of the 
Lafayette epoch and opening of the Kansan glaciation of the 
Missouri region, the canon valleys of southern Missouri had 
been eroded to nearly their present size and that while the 
great post-Kansan denudation was being accomplished on the 
drift plain at the north, erosion south of the Missouri river was 
confined chiefly to a widening of the canon valleys whicii, 
while relatively small as measured in material removed, was 
yet large as measured in time occupied. 

In conclusion, I submit the ])ro])C)sition that while the Kan- 
san epoch is probably post-Tertiary in taxonomic position, re- 
cent erosion studies on the Kansan drift areas cut sadly int'> 
that supposed long preglacial portion of the Ouaternarx era 
designated the "Ozarkian sub-period" and when the still earlier 
drift sheets have been correctly placed in the time scale, there 
may be little left of it. 

Berkeley, Cal, Feb. 2, igoi. 



THE GEORGIA BAUXITE DEPOSITS; THEIR 
CHEMICAL CONSTITUTION AND GENESIS.* 

By Thomas Leonaro Watson, Geol. Survey of Georgia, Atlanta. 

PLATK VII. 

Introduction: As the heading implies, the object of this 
paper is to explain the chemical constitution and genesis of the 
bauxite deposits of the Coosa valley region of (leorgia and 
Alabama. The discovery of bauxite in 1887,! a few miles 
northeast of Rome in Floyd county, (Jeorgia, was the first ac- 
count of this mineral found in the Ignited States. The first 
shipments of the ore were made in 1888. and the entire home 
consumption of bauxite in the I'nited States has been, since 
1890, from the Coosa valley dejKJsits in Georgia and Alabama. 
Althoug h commercial dej>osits of the ore have been known in 

•Published by permission of the State Geolo>?ist. 

fNiCHOLs, bDWAKi), An Aluminum Ore, Trans. Amer. Inst. Min. Eng., 
1887, vol. xvi, p. 105. 
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Description of the Ore. 

Pronounced variation in the physical features and appear- 
ance of the ore is a prevaiUng characteristic, thoueh it usually 
has a marked pisolitic structure. The ore varies in color from 
\. hite and cream through pink to a deep red in which iron ox- 
ide is present as an essential constituent, and at times the iron 
oxide is equal to and may even exceed the alumina. The 
pisolitic type consists of concretions and matrix in nearly all 
proportions. The ore varies from a structureless bauxitic 
clay, without trace of the pisolitic structure shown, through 
the pisolitic type in which concretion and matrix are in about 
equal proportions, to the pebble type, which consists of con- 
cretions averaging three-quarters to two and one-half inches 
in diameter, held together by a soft and plastic puttv-like clay. 

The matrix varies in hardness from a soft plastic clay-like 
material to a dense and compact form, which breaks with a 
sub-conchoidal fracture ; not scratched by the nail but readily 
scratched with a knife. It ranges in color from white and 
cream to the highly ferruginous deep red types, the cream- 
colored and dull' gray tones being perhaps the most common. 
The pisoliths or concretions are nearly spherical in shape and 
range in size from the smallest nea up to two and one-half 
inches in diameter. The concentric structure is characteris- 
tic ; the layers rarely exceeding a knife's-edge in thick- 
ness and are seldom homogeneous in *color but usually 
alternate from white through intermediate shades to red. They 
may be hard and compact from centre to circumference break- 
ing with a conchoidal fracture ; or, as is more often the case, 
the hard outer layers may contain a powdery interior, red or 
white in color, and not filling the entire space or cavity — a 
condition probably due to subsequent shrinkage from dessica- 
tion. The pebbles may be single or compoimd in structure ac- 
cording to whether they are composed of a single neucleus or 
of several nuclei. 

With reference to structure the following types of the ore 
have been distinguished by Hayes:* (i) pebble, (2) pisolitic, 
(.^) oolitic, (4) vesicular, (3) amorphous. In well dififeren- 
tiated portions of the ore the above types are easily recognized, 
but the classification is purely arbitrary since the various types 

•Op. cited, pp. 562-564. 
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constantly grade into each other, and no definite line can be 
drawn. 

The form of the ore-bodies as well as the structure of the 
material has a direct bearing on the genesis of the deposits. 
The ore-lx)dies occur in the form of distinct pocket deposits 
of different sizes and usually disconnected, \vith the vertical 
nearly equal to the horizontal dimensions. Several of the de- 
posits have been entirely exhausted and the pits afford excel- 
lent advantages for observing the size and shape of the ore 
bodies. The largest ones were exhausted after working to a 
depth of about 90 feet. 

The ore-bodies proper are, in every case, where worked, 
surrounded on all sides by white to purple, red and chocolate 
brown, mottled clays and kaolins. The bauxite passes by im- 
perceptible gradations into the inclosing bauxitic clays. The 
ore-bodies and their surrounding bauxitic clays are further 
inclosed in the heavy mantle of highly siliceous residual clays, 
derived from the weathering of the underlying cherty dolo- 
mitic limestone. The contact between the bauxitic and silice- 
ous residual clays is always sharp with no indications of com- 
mingling with or gradation into each other. In no instance 
have fragments of the associated rocks and residual clays or 
foreign material of any character been found in the ore-bodies 
proper or the bauxitic clays inclosing them. The two types 
of clay have evidently had, therefore, a different origin. 

Geologic Position of the Bauxite. 

The accompanying map indicates a range in the rocks of 
the region from i)robable Algonkian to Carboniferous in age, 
and includes schists, slates, limestones, shales, sandstones and 
conglomerates. The bauxite deposits are, however, associated 
with those formations which range from the Weisner (juarztyte 
(Cambrian) to the Knox dolomyte (Silurian) inclusive. Of 
these formations the Knox dolomyte, which is perhaps more 
proj)erly grouped as part Cambrian and j^art Silurian, is vastly 
the most imi)()rtant. Because of its uniformity in lithologic 
character and general absence of fossils from it in this region, 
the entire formation is gr()U])e(l as Sihirian. It has an approx- 
imate thickness of 3,000 to 4,(X)() feet, and consists of massively 
bedded, partially crystalline, gray siliceous, magnesian Hnie- 
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stone. The silica is distributed through the Hmestone in the 
form of segregated nodules and lenses of chert. The lime- 
stone yields upon weathering a highly siliceous clay, and the 
residual mantle attains considerable thickness over the entire 
region, leaving only scant outcrops of the fresh limestone ex- 
posed to view. The Connasauga shale (Cambrian) is next 
below the Knox dolomyte with an approximate thickness of 
2,000 to 3,000 feet. The shales belong essentially to the 
aluminous type, containing as shown by analyses 20 to 30 per 
cent, of alumina. (See page 43.) 

In the Georgia area the ore-bodies are confined principally 
to the Knox dolomyte and appear not limited to any particular 
or definite horizon in the formation, but are rather associated 
with all parts of it, and have therefore a somewhat wide 
stratigraphic range. So far as mining operations extend the 
Georgia bodies are inclosed in the heavy mantle of siliceous 
residual clays derived from the Knox dolomvte. For reasons 
subsequently given in this paper, the bauxite is shown not to 
be a residual product, as the previous sentence might imply, 
but its origin has been entirely different from that of the resid- 
ual clays. 

Associated Minerals. 

The trihydrate of aliuninum, gibbsitc, and the silicates, 
halloysite and clay or kaolin, are intimately associated with the 
bauxite. Gibbsite is found in many of the deposits amount- 
ing to scarcely more than traceable (juantitics, incrusting or 
lining the cavities of the bauxite, not exceeding one-eighth of 
an inch in thickness and is readily recognized by its mode of 
occurrence. Halloysite is a more frequent associate than 
gibbsite, and occurs in the form of hard, pure white, procel- 
laneous small ncKlules and lenses, irregularly distributed 
through the ore-bodies. It is oftentimes striated and slicken- 
sided from subsequent movement i)r()l)a])ly due to settling of 
the deposits. \'ari-colored white to red mottled clav or 
kaolin is always found in large (|uantity inclosing the (j^e- 
iKKlies, and in the form of clay horses and dikes cutting the 
bodies in various directions and attitudes. The pisolitic struc- 
ture of the bauxite passes by imperceptible gradations into the 
surrounding masses of structureless bauxitic clays and kaolins. 
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Besides gibbsite, halloysite and kaolin, commercial deposits 
of brown iron ore and manganese oxides, mostly psilomelane 
and pyroliisite perhaps, are more or less intimately associated 
with the bauxite deposits and have been extensively mined in 
several localities. The deposits of brown iron ore and bauxite 
are found in direct contact with each other at several locali- 
ties in the district. 

Chemical Composition. 

While scores of reliable commercial analyses of the Georgia 
bauxite are available, verv little has been done toward workinir 
out the exact chemical constitution of this material or attempt- 
ing to establish the exact form in which it exists chemically. 
It has been generally assumed that the southern Appalachian 
bauxites, like most of the foreign material, correspond to the 
fonnula A1.,0.,.2H^0, the bi-hydrate of alumina. Tliat the as- 
sumption, however,' is not warranted by the facts is evident 
from ( I ) the easier solubility of the Cieorgia-Alabama bauxit* 
than that of the French ores; and (2) the uniformly lower 
percentage of Al.O.j and the proportionately higher i)ercentage 
of combined water in the Georgia- Alabama ore than in the 
French ores, as shown in the comparison of a large number of 
analyses of the ore from the two countries. This is made the 
more apparent from the soniewhat lengthy discussion which 
follows below. 

At present, three recognized hydrates of alumina occur in 
nature, namely, the monohydrate, Al..( ):{.H^(), known as the 
mineral diaspore and containing, 

AUO3 • ^S'O'ji 

H.O 15.0;; 

the dihydrate, AL0.5.2Ho( ), which is the general formula* 

given for the mineral bauxite, containing, 

AIM 7^''y^ 

US) 26.1V 

and the trihydrate, AI.X ).5.3H.( ), known as the minerals hy- 

drargillite and gibbsite, and containing, 

ALO.. ^^S • 4''' 

HX).' 34-^;^ 

Roscoe and Schorlemmert give the formula (Al,r'e)..0 

(OH )^ for bauxite, but this seems not to a])])lv to the ( icorgia- 

•Dana, K. S., a. System of Mineralo^iy. 1H93, Sixth edition, p. '27)1. 
fA Treatise on Chemistrj-, vol. i, p. 4-4-4-. 
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Alabama material. Phillips and Hancock* conclude, after a 
chemical investigation of the Georgia- Alabama bauxite, based 
on the solubility of the contained alumina in different 
strengths of sulphuric acid, tiiat it consists of a mixture of the 
trihydrate, Al2(OH)n with clay, and probably a lower hydrate, 
AlaO:,.2H20, The trihydrate is the base or the essential part. 
In the reports issued by the United States Geolc^ical Survey 
on the Mineral Resources of the United States, the mineral 
bauxite is referred to as tiie trihydrate. In his report "On 
the Coosa \'ailey Region of Alabama," Henry McCalleyf re- 
fers to the Alabama mineral as the trihydrate. After a study 
of bimdreds of analyses of the French bauxites LaurJ makes 
the following statement concerning their chemical constitution : 

"When these minerals [bauxites] are studied, not in isolat- 
ed specimens but in mass, it is quickly noticed that there is in 
their composition one constant, so to speak, namely, the gen- 
eral proportion of anhydrous alumina, ALO.,, the average of 
which is about 66 to 69 per cent. This figure is given bv the 
analyses of thousands of shipments. Representing this con- 
stant bv A. we find three variable elements, c, besides, namelv, 
water, silica, and ferric oxide : and it is a remarkable fact, that 
the sum of the weights of these is constant also at about 27 
per cent. \\"e wil! represent it l)y i'e." 

"Finally, the various accessory substances (titanium, van- 
adium, etc. ) which occur even in the purest bauxites, present a 
constant total of about 3 to 4 per cent. These we represent 
by C." 

"Thus, the centesimal formula of the bauxites: 68 to 70 
AL<),,-27(SiC),, Fe..O„ H,,())^4{sun(lry accessories) may be 
written in general form as .A-Pe-^C." 

"Iiut the three variable elements of Pe have the singular 
prupertv of rq)lacing one another, in whole or iu part, sepa- 
ratelv increasing, diminishing, or totallv disapjtearing. without 
change of the total of 27 per cent., and without altering the 
fixed mineral species, which is. according to our view, the bi- 
hydrate of alumina, forming the base of the mineral. These 
varying substitutions give rise to the diflEerent types * * *" 
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Continuing, Laur distinguishes four types of bauxite whose 
f armulie are given as follows : 

( V3 H2O ) 

(1) Mixed bauxite of Baux, A+Pe ] Vs Si02 [ + C. 

( 1/3 Fe203 ) 

(2) Pale bauxite of Villeveyrac, A+Pe | ^^ H2O ) ^ ^ 

(3) Red bauxite of the Var, A+Pe | ^^ ^20^^ ) _^ ^ 

(4) Pure bauxite of Alabama, A+Pe [ 2 H2O ] + C. 

An abstract in the Chemisches Centralblatt for 1892, page 
14, of an inaugural dissertation by A. Liebreich in which an 
account of the derivation of bauxite from basalt with special 
reference to the German deposits is given, says, "chemical 
analyses show certain differences in the composition of baux- 
ite from different places, the smaller amount of water in the 
French bauxite referring it to diaspore, while the Vogelsberg 
mineral is probably gibbsite (hydrargillite) [the trihydrate of "? 
alumina]."* 

The writer has gotten together as many authentic analyses 
of the Georgia bauxites as possible, and from them the ratio 
of AloO:^ to H2O was calculated. Also the sum of the per- 
centage amounts of the impurities SiOo, TiOo and FcoOg is 
given. Calculations are made and given for the two types of 
bauxite, namely, (a) the non-ferruginous type, in which the 
iron enters as an impurity; and (b) the ferruginous type, in 
which the iron replaces a part of the aluminum. The analyses 
were carefully selected, and in case of the non-ferruginous 
type only those which gave 55 per cent, and more of ALO3 
were used. This minimum percentage of AI0O..5, 55 per cent., 
in the non-ferruginous typ>e is the lowest amount of ALO-j in- 
dicating the purest grade of the ore. In the ferruginous type 
all analyses are included which show 10 per cent, and more 
of FeoO;,. 

A majority of the analyses used were obtained by analytical 
methods which yield the soluble ALO.... On a 55 per cent. 
ALO;j basis, however, the small percentages of insoluble resi- 
dues (SiOo) indicate that the soluble ALO;j is practically the 
equivalent of the total AloO..^. This conclusion is based 
upon a close comparison of analyses in which the soluble 

♦Quoted by Gkorgb I». Merrill, Guide to the Collections in the Sections of 
Anplied Geology in the National Museum; The Non-Metallic Minerals, 1901, p. 
-233. 
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AI2O3 was estimated, with others in which the total AloO.., was 
determined. Also from analyses of several samples in which 
both soluble and total Al^O.^ were separately determined in the 
same sample. 



(D* AI2O8 

H2O 

Si02 

Ti02 

Fe208 

Total 

(2)t AI2O3 

H2O 

Si02 

Ti02 

Fe208 

Total 

(3)$ AI2O3 
H2O 
SiOo 
Ti02 
Fe203 
Total 



(4)§ 



(D! 



AI2O3 

H2O 

Si02 

Ti02 

Fe203 

Total 



AI2O3 
H2O 
Si02 
Ti02 

F'*203 

Total 



(Averajie) 
AI2O3 
H2O 



Per 
Cent. 



Molecular 
Ratio. 



58.62 574 1.00 

31.44 1.746 3.04 

4.27 

3.79 [9.57 percent. 

1.51 I 
99.63 

58.91 577 1.00 

31.59 1.755 3.04 

3.34 

4.18 I 9.39 percent. 

1.87 I 
99.89 



Ratio of AlgOs: H2O is 
nearly 1:3 corresponding to 
the formala AI2O3. 3 H2O. 



Ratio of AI2O8: H2O is 
^ nearly 1:3 corresponding to 
the formula AI2O8. 3 H2O. 



61. G7 

4.77 

2.95 

0.38 

99.62 



... .604 1.00 

...1.658 2.75 



8.10 per cent. 



Ratio of AI2O8: H2O is 
nearly 1:3 corresponding to 
the formula AI2O3. 3 H2O. 



60 34 591 1.00) 



Ratio of AI2O8: H2O is 

Qn '^r 1 AG« o q;. V "^arly 1:3 corresponding to 

30*^^^ 1-686 2.85) the formula A^Os- 3 H2O. 

4.75 j 

2.39 i- 8.84 per cent. 

I.70J 

99.54 



Per 
Cent. 



Molecular 
Ratio. 

61.i>J 607 1.00 

30.01 1.71'0 2.80 

2.68 1 

3.54 7j 

0.82 I 
99.57 



Ratio of AI2O8: H2O is 
nearly 1:3 corresponding to 
the formula AI2O8. 3 H2O. 



.04 per cent. 



, .506 1.00 

1.700 2.89 



Ratio of AI2O8: H2O is 
nearly 1:3 corresponding to 
the formula AI2O8. 3 H2O. 



•AvcraKC of 2H analyses, furnished by courtesy of Mr. J. R. Gibbons. 

t Average of 20 analyses, furnished by courtesy of Mr. J. H. Hawkins. 

i Average of 4. analyses, furnished by courtesy of Mr. B. F. A. Saylor. 

{Average of 4- analyses, analyzed by H. C. White, Univ. of Ga., Athens, 
and quoted by J. \V. Spbncbr, op. cited, pp. 21 .'-220. 

IIAverage of 3 analyses, made by Thomas L. Watson. Lab'y, Geo!. Survey 
of Georgia. 




Si02 
TiOa 
FeaOa 
Total 
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8.59 per cent. 



.^5 



(Ferruginotis Bauxite)* 

AI2O3 52.94... .519 



595. ..1.00 



Ratio of AhOs: H2O is 
nearly 1:3 corresponding to 
the formula AI2O3. 3 H2O. 



Fe203 12 29... .076 

H2O 28 40.. .1.577 2 65 

Si02 2.83) 

Ti02 3.78^^^ percent. 

Total 100.24 

The prevailing structure of bauxite in all known workable 
deposits is pisolitic. So far as the writer can determine sep- 
arate analyses of the matrix and concretions or pisoliths have 
never l)een made. While it is generally true that tlie pisolitic 
structure in case of the (leorgia- Alabama ore grades into a 
structureless material, the pisoliths or concretions are as a rule 
perfectly shar]) and distinct from the inclosing matrix, and tlie 
two may or may not have the same cliemical composition. With 
the view of possibly determining this the writer selected speci- 
mens of the ore in the field and carefully separated matrix and 
pisoliths, and separately analyzed them in the survey laboratory 
with the results shown below. Xo attempt was made at se])a- 
rate analyses of isolated thin layers of the pisoliths or concre- 
tions from each other, and of the layers from the inclosed 
powder. 

PISOLITHS MATRIX 

A. 



Maddox 

AI2O3 52.36 

H2O (combineH) 33.17 

Si02 3.74 

Ti02 9.70 

Fe203 0.76 

H20at 100° C 0.20 

CaO \ 



■\ / V 

Bobo Warrior Maddox Church Watters Perry 



/ 



none 



) 



MgO 

Na20 

KoO / 

Total 99.93 



none 



57.26 
31.69 
0.99 
7.63 
1.89 
0.39 

none 
none 



52.40 6491 46.92 63.60 48.30 

24.06 33.00 21 68 2715 28.01 

;4-.21 0.62 2046 6.43 3.17 

8.79 1.05 9.80 1.95 9.75 

10.44 0.28 0.28 0.28 trace 

0.39 0.53 0.34 56 53 



none none 



none 



none 



notie none none none 



none 



none 



99.85 100.29 100 39 99.48 99.97 99.76 



The above analyses suggest more uniformity in com])osition 
for the j)isoliths than for the matrix ; but they further indicate 



•Average of 6 analyses. 
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no decided appreciable difference in the composition of the two 
parts of the mineral. 

In its purest form bauxite contains more or less foreign 
material either chemically combined or mechanically admixed. 
Iron oxide present in variable amounts, ranging from a trace to 
percentages equal to and occasionally exceeding that of the 
alumina, is usually present replacing in part the alumina, and 
in part only as an impurity. 

Titanium is invariably present ranging usually from i to lo 
per cent, when estimated in the form of titanium dioxide. 
Analyses indicate that this constituent averages higher in the 
pisolitic ore and is lowest in the structureless bauxitic clays. 
The form in which the titanium exists in the ore is seemingly 
dependent in large measure upon the origin of the bauxite. A 
study of those deposits derived from basalt and similar igneous 
rocks indicates that the titanium occurs in the form of free ox- 
ide or as titanic iron. This is true of the V'ogelsberg deposits 
in Germany as shown in the study of thin sections of the bauxite 
by A. Liebreich : and also of the Ober-Hessen deposits by Lang. 
\^ery little if any of the titanium in the Georgia deposits exists 
in the form of free oxide, as a. microscopic examination of a 
large number of thin sections of the mineral failed to indicate 
more than a bare trace of titaniferous oxides. Separation by 
means of heavy solution and by elutriation confinned the micro- 
scopic evidence. 

Silica varies from a fraction of i per cent to several per 
cent, in the purest ore, and 30 to 35 per cent, in the low grade 
tvpes of material, bauxitic clays and kaolins. This constituent 
is usually present in the form of the hydrated aluminum silicate 
clay, which is invariably admixed in varying ])roportions with 
the bauxite : and is also present to some extent as free silica, as 
shown by the microscope. 

The Georgia bauxites are usually free from traces of the 
additional following common impurities in bauxites of many 
localities : lime, magnesia, phosphoric and carbonic acids and 
the alkalies, soda and potash. 

RfiSUMTil: l^Vom the preceding data it is clear that the 
formula given by Laur for the French bauxites essentially the 
* bihydrate of alumina and a])plicd to the Georgia- Alabama min- 
eral is not applicable to the Georgia deposits. The average 
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percentages of Al,0.^ and HoO in the best grade of the Georgia 
bauxite certainly correspond to the fornuila AI0O...3H/), the 
trihydrate. In a majority of analyses a variable percentage of 
sokible ALO.^ in ioo°C. of 50°B. sulphuric acid is found, which 
ranges from a fraction of i per cent, in the purest ore, to 40 
and 45 per cent, in the associated bauxitic clays, which are 
shown to grade into each other. The insoluble ALO;. is prob- 
ably present in the fonn of the hydrous aluminum silicate, clay, 
admixed possibly as Phillips suggests with a lower hydrate of 
alumina. The Georgia bauxites, therefore, in their purest 
form, consist in most cases of a mixture whose base or essen- 
tial part is the trihydrate of alumina. All gradations in which 
the soluble alumina ranges from about 60 per cent, to several 
per cent., or pure trihydrate of Al.O.{. to bauxitic clay, corre- 
sponding to the hydrous aluminum silicate, are known. 

As remarked by Liebreich, chemical analyses of the mineral 
from different localities show differences in chemical composi- 
tion. Thus we have analyses which correspond to the three 
hydratesmono- di- and tri- of AUO.5. which strikingly illustrates 
the variable character of the so-called mineral bauxite. 

So far as the writer can gather from the various accounts 
and descriptions in which analyses of bauxites from the prin- 
cipal localities, both foreign and American are given, nuich 
depends upon the origin, as to the chemical compositif)n of the 
mineral. Al.^O.. forms, however, in all cases, the basis ; and it 
ranges from 55 to 85 per cent, according to locality, with cor- 
responding variable proportions of water of chemical combin- 
ation, ranging accordingly from 15 to 34 per cent. Thus, de- 
posits of the mineral are known which correspond on analyses 
with the three hydrates of AI.O.5. 

While the so-called mineral bauxite corresponds in chemical 
composition, according to locality, to the three natural hydrates 
of alumina, as a rule, no resemblance in physical ])roperties 
known at present is shown to the minerals diaspore ( monohy- 
drate) and gibbsite (trihydrate). 

Since this correspondence therefore in chemical composition 
to the three hydrates does exist, the question is naturally sug- 
gested, whether the mono- and tri- hydrates known as the min- 
erals diaspore and gibbsite, do not really occur with 
physical properties different from those usually record- 
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ed. and closely resembling those of the mineral baux- 
ite? In other words, is not what is called bauxite 
in some localities diaspore or gibbsite in a different ohys- 
ical state? Or, whether the commonly accepted fonnula for 
bauxite, ALO...2H..O or A1(()H)^, must be modified according 
to locality to corrcs])ond to mono- di- or tri-hydrate as the case 
may be ; and the general formula to be ap])lied irrespective of 
locality and in its broadest usage, written Al,C),...7tHj,0, in 
which n is variable and may correspond to one, two or three 
molecules of water. 

Origin of the Bauxite Deposits. 

The (jeorgia bauxite dcj)()sits have been studied in consid- 
erable detail by Spencer and Hayes and the theories advanced 
by them to cx])lain the accumulation of the ore-bodies are dis- 
cussed below at some length. 

Dr. J. \\\ Spencer''' suggested the following theory to ex- 
plain the accumulation of the (ieorgia deposits: 

**This is an open (|uestion. Its situation along with the iron 
and manganese ores in (U>lomites suggests a common genesis. 
The formation skirts the crystalline rocks of central (Georgia, 
whence the materials were originally obtained. Prof. Rranner 
says that the Arkansas bauxite, although in Tertiary rocks, is 
located near eru])tive syenites, or hornblende granites. Such 
rocks in (Ieorgia have given rise, in part, to thc^ iron and 
manganese minerals. The fel(ls])ar, in others, contains the 
alununium, and there remains only the necessary solvent to 
transport and deposit it as the mineral bauxite." 

"In the weathering of the rocks carbonic and vegetable acids 
remove the iron, manganese, lime, etc., from the hornblende, 
and potash and soda from the fel(ls]>ar. So also carbonic acid 
in water can dissolve small (|uanlities of alumina: thus the same 
waters can remove the iron, manganese and alumina. The al- 
kalies derived from the decay of fel(ls])ars can also dissolve the 
alumina. Thus Iran^^ported. the alumina may be ])reci])itated in 
the lago<>ns in which the ferruginous and manganiferous clavev 
limestones were being formed. The white clays as.sociated 
with the bauxite and iron ore (le])osits are usually of fine text- 
ure, indicative of (le])osition in (|uiel waters. The fre(]uent re- 

•Thc I'iilcoz(»ic Oroup of (.TCorKJii. (Teoh^Ricnl Survov ot Gcorg^ia, Atlanta, 
iso.'J, pp. 2L»r>-'ji.'r>. 
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placement of part of the alumina by ferric oxide further shows 
the presence of both metals in the original solution, but invari- 
able quantities at different times and places." 

'TTpon the subsetjuent decomposition of the Knox lime- 
stone, the calcareous matter beings removed, the ores were con- 
centrated, leaving accumulations of bauxite more prominent 
than in the original beds." 

**The iX)sition of the bauxite appears to be more or less in 
pockets and lenticular masses in certain strata, and if workings 
are ever carried beneath the decayed rocks, the mineral will 
likely be found in pockets in compact limestone. Indeed, some 
of the apparent clays may be found to be the soluble aluminous 
mineral, which is so far as known in Georgia, generally more or 
less oolitic and concretionary, as are the iron and manganese 
deposits. The bauxite l)e(ls or pockets are less interrupted, and 
are much more extensive than the latter named mineral." 

Briefly summarized Dr. Spencer's explanation for the ac- 
cumulation of the bauxite (le}xjsits is: (a) The source of the 
alumina was from the crystalline rocks of central (Icorgia; (1)) 
the alumina was carried to its present j)lace by carbonated or 
alkaline waters and precipitated in the lagoons in which the 
ferruginous and manganiferous limestones were being formed; 
and (c) the ore was further concentrated u})on weathering of 
the Knox limestone, the soluble calcartM)US material of which 
was removed in solution, and the insoluble aluminous material, 
bauxite, was accumulated and left more prominent than in the 
original beds. 

This theory fails to explain the following essential condi- 
tions and characteristic modes of occurrence of the Georgia de- 
posits. ( I ) The deposits are compact ore-b(Klies existing in 
the form of well-defined ])Ockets and, as a rule, with the vertical 
nearly equal to the horizontal dimensions. 1ln's mode of oc- 
currence cannot by any known ])rocess a]>ply to the accumu- 
lation of ore-bodies resulting from weathering. ( 2 ) The re- 
lationship of the bauxite and its associated kaolins to the sur- 
rounding residual siliceous material. In no instance has the 
gradation from the bauxitic clav into tlie inclosing residual 
clavs been observed ; but on the contrary, the line between the 
tw'o is at all times definite and pronounced. The two types of 
clav bear no resemblance to each other. Furthermore the ore- 
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bodies are free from included residual material. The concen- 
tration or accumulation of ore deposits from weathering in situ 
usually shows more or less residual material variously admixed, 
which foniis the most convincing evidence in the case of de- 
posits derived from rock weathering. This point is abundantly 
illustrated in the manganese and some of the iron deposits in 
the same region. (3) The relation of the deposits to the pres- 
ent topography of the region and their altitude above sea 
level. Upon Dr. Spencer's theory the ore-bodies if they repre- 
sent accumulation from weathering of the Knox limestone 
should only occur at definite and unifonn positions in that for- 
mation. On the contrary the deposits do not conform to these 
conditions, but are found in all parts of the Knox dolomyte, 
giving as Hayes* has shown, a stratigraphic range of at least 
4,000 feet. (4) While the bauxite deposits in question 
are somewhat closely associated with those of iron and mangan- 
ese, more particularly the iron, it by no means follows that the 
conditions suggest a '^common genesis." In fact, recent work 
in this area conclusively demonstrates that the three types of ore" 
bodies are not of a common genesis. The manganese deposits of 
the Cartersville district represent undoubted residual accumu- 
lations concentrated by physical and chemical processes inci- 
dental to weathering. The ore deposits of iron and manganese 
are more intimately associated than any two metalliferous de- 
IK>sits known in the area and yet with several exceptions they 
have had a different origin. 

The above facts constitute some of the essential features of 
the bauxite deposits which must be accounted for in any satis- 
f actor}- explanation. 

After a detailed study of the structural geolog}' of the re- 
gion and of the ore-bodies Dr. C W*. Hayest suggests a the- 
ory for the origin of the (lei^rgia de|x>sits which is entirely dif- 
ferent from the one fomuilated by Dr. Spencer. Hayes' the- 
ory is briefly stated by him as follows :S 

**The dc|>^sits are there [Georgia- Alabama region] found 
en^lK.'<l(kMl in residual clay derived from the weathering of linie- 
siont^. The limestone overlies a great mass of shales, and the 

•<»p. cited. 

•rBfiuxitc. Sixteenth AnnunJ Report. ('. S. Geol. Surrey, 1n95, part iil, pp. 
5S7-591. This contain* a very fall und detailed statement of Dr. Harei'thri^rr. 

tTaken from the proof copy of Dr. Haws' very valoabic paper on "The 
Arkansas Bauxite l>eppsits," not yet issued from the press, but the anthor 
r>B. Haybs very kindly placed at my" disposal a proof copy of the report. 
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formations are intersected by numerous faults, along" which 
water has in the past found easy access to great depths. The 
shales are made up largely of silicate of aluminum. They also 
contain considerable iron sulphide in the fomi of pyrites. It 
is believed that the surface waters, carr\'ing oxygen in solu- 
tion, gained access to these shales and, by oxydizing the pyrites, 
set free sulphuric acid. This, under the conditions present, 
decomposed the aluminous shales, forming alum and sulphate 
of aluminum. Ascending currents carried these salts in solution to 
the surface, and, coming in contact with the limestone during 
their upward passage, they were decomposed, forming sulphate 
of lime and aluminum hydroxide, together with basic sulphate 
of aluminum, which was subsequently changed to aluminum hy- 
droxide on exposure to the air. The aluminum hydroxide thus 
produced formed a gelatinous precipitate which collected about 
vents of springs. It was kept in motion by the ascending water 
and thus formed concentric structures. The reactions indicat- 
ed above arc all know^n to take place in nature, and the pr(xess 
is one which is readily understood." 

The essential facts which a satisfactorv theory for the ori- 
gin of the (ieorgia deposits of bauxite must explain are now 
stated in full. Some of these were stated in connection with 
Dr. Spencer's theory : 

( 1 ) The bauxite deposits in the Georgia district are most- 
ly confined to the Knox dolomvte. Thev are not found at anv 
uniform position in the dolomyte but are associated with all 
parts of the formation, giving a wide stratigraphic range. 

(2) The ore occurs in the form of distinct pocket deposits 
of varying sizes and disconnected, with the vertical nearly 
equal to the horizontal dimension. 

( 3 ) The absence of foreign material, such as might be 
derived from the inclosing rcx:ks in the ore-bodies and their 
associated bauxitic clays and kaolins. The pronounced dif- 
ference in the bauxitic clays and the inclosing residual siliceous 
clays with no indication of commingling with or gradation into 
each other. 

(4) The location of the deposits with reference to alti- 
tude and topography. Some of the ore-lx:>dies occur below the 
850- foot level, and a few are found above 950 feet ; but where 



42 Tlic Aincrican Geologist. jaiy, 1901. 

erosion has not removed any considerable part of the deposits 
they are generally found near the 900-foot level. 

(5) The prevailing pisolitic structure of the bauxite. The 
process producing the same structure in calcareous and siliceous 
materials has been observed and described. In such cases, 
where the process has been observed the pisolitic structure re- 
sulted from the deposition of the material in solution or from 
suspension in the form of a fine precipitate. Very likely, as 
Hayes says, this applies to all material having a pisolitic struc- 
ture. 

(6) The grouping or occurrence of the ore-bodies along 
apparent lines of v^eakness and about certain centres. Refer- 
ence to the accompanying map makes this point clear. 

(7) Xo eruptive rocks are yet known in the vicinity of 
the deposits, nor do any rocks occur in the region which by 
weathering could yield bauxite as a residual product. 

The theory which best conforms to these premises is the 
one outlined by Dr. Hayes and briefly stated above, which as 
set forth by its author is based on the three essential features 
required of any satisfactory theory, namely : ( i ) the source 
from which the material was derived: (2) the means by which 
it was transported; and (3) the ])rocess of its l(x:al accumula- 
tion. ( )nly the leading points under each one can here be 
stated. 

( I ) The Source of the Alumina : The Knox dolomyte, 
with which the deposits are associated, contains, as shown by 
numerous analyses, a very small percentage of aliniiina, which, 
bv the process of accunuilation rc(|uire(l, is thought to be entire- 
ly ina(le([uate as the source of the material. 

I^'our analyses showed the composition of the K!K)x dolo- 
myte to vary within the following limits: 

SiOo :^.75 to 7.252 percent. 

^'203 ! 1.236 to 1.76 " '• 

FezOs ' 

CaCOa 34.07 to 53.44 '* ** 

MgCOa 36.32 to 55.736 " *' 

The following analyses of the Knox dolotnyte and its ac- 
companying residual clay from Morrisville, Calhoun county, 
.Alabama, were made by Dr. W. I'. Hillebrand* and described 
bv ])r()fessor 1. C. Russell. t ^Fhey ar e inserted here to illus- 

•Bullctin, U. S. Gcol. Survev. No. IGS. 1900. pp. 258 and 205. 
fibid, No. 52. 18S9. pp. 24-25. 
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trate the chemical changes incident upon the weathering of this 
rock. In his description of the magnesian Hmestone professor 
Kussell makes the following statement*: "The original rock 
in this instance was a grayish-white dolomyte typical of its 
class over a large area in the southern part of the Great Ap- 
palachian valley, while the clay left bv its decay is a fair sample 
of the red soil of the South."* 

r»r^-,a«:f„«„*o Fresh Residnal 

Constituents. Dolomyte Clay 

Si02 3.24 55.42 

AlgOs 0.17 22.17 

Fe203 0.17 8.30 

FeO 0.06 trace 

MgO 20.84 1.45 

CaO 29.58 0.15 

Na20 0.17 

K2O 2.32 

HsOatllO^C \ 2.10 

H2O above 110° C / 7.76 

CO2 

Total 99.9(> 99.84 

As indicated by the above analysis the residual product 
clearly represents a highly siliceous ferruginous clay, in which 
only a trace of the original more soluble calcium and magnesium 
salts is retained. 

This Knox dolomyte, is underlaid, however, everywhere in 
the district by several thousand feet of calcareous clay or alum- 
inous shales, which, as showir bv the analyses below, contain 
20 to 30 per cent, of alumina, in addition to the other constitu- 
ents commonly found in the deposits, such as silica, titanic and 
iron oxides. 

The following analyses indicate the general composition of 

the middle Cambrian shales of the bauxite region : 

I. II. 

Si02 55.02 52.82 

AI2O3 21.02 26.17 

Fe2^>3 5.00 9.46 

FeO 1.54 

MiiO 2.32 1.08 

CaO 1.60 trace 

•Ibid, p. 24. 

I. Middle Cambrian shale. Coosa valley, near Blaine, Cherokee County 
Al^ama. Dr. H. N. Stokes, analyst. Bulletin No. 16S U. S. Geol. Survey 
1900, p. 283. 

II. Oostanaula shales about two miles northwest of Cartersville, Bartow 
Countv, Georgia. J. W. Spencer, Paleozoic Group, Geol. Survey of Georgia,. 
1893, p. 285. 
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NaaO 0.81 0.20 

K2O "».19 2.71 

H20at 110° C 2.44. 0.23 (hygroscopic.) 

H2O above 110° C 5.65 7,00 (combined). 

Ti02 65 

P2O5 0.06 

MnO trace* 

BaO 04 

SrO iracc 

Li20 0.03 

SO3 0.02 

CI trace 

CO2 0.83 

CarboHHceous iiiaittT 32 



Total 100.54 99.67 

The Contiasauga shales ( Cambrian ) are believed therefore 
to have been the source of the material. 

( 2 ) The Means of Transportation : The formations of the 
district, Ixith limestone and shale, are intersected by numerous 
faults, which afforded in the past easy access for the percola- 
tion of waters. The descendinfj;^ waters carrying oxygen in so- 
lution reacted chemically on the aluminous shales, w^hich con- 
tained disseminated pyrites, taking into solution the sulphates 
of aluminum and iron, which salts were returned to the surface 
by the ascending waters. The upward passage of these salts 
in c<->ntact with several thousand feet of limestone resulted in 
a further chemical reaction, forming probably, as in the chem- 
ical laboratory, aluminum hydroxide and basic sulphate of 
aluminum. 

( 3 ) The Process of Accumuhition : The ascending cur- 
rents bearing the aluminous salts in solution are l)elieved to have 
reached the surface near or u|X)n the fault lines forming large 
springs, which were probably thennal, and the aluminum hy- 
dn>xide pnxluced as described by Hayes fomied a gelatinous 
])recipitate, which collected alxnit the vents of the springs. 
*i'n'm analogy with ])isolitic sinter and travertine now fonn- 
ing such ciMulitions would appear to be highly favorable for the 
pnMluction « »f the structure actuallv found in the bauxite. The 
precipitate was apparently collected in globular masses bv the 
motion oi the ascending water, and constant changes in position 
pennitteil these to be coated with successive layers of more 
o>mpact material. I'inally after having received many such 
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coatings, the pisoliths were deposited on the borders of the 
basin, and the interstices were filled by minute ooliths formed in 
a similar manner or by the flocculent precipitate itself. Slight 
differences in the conditions prevailing in the several springs, 
such as concentration and relative proportion of the various 
salts in solution, also temperature and flow of the water, would 
])roduce the variation in the character of the ore observed at 
different points." 

The theory alx)ve outlined was originated and applied bv 
Dr. Hayes to the Georgia- Alabama deposits. It is here re- 
viewed and discussed at some length for the reason that after 
a careful study of the same region by the writer. Dr. Haves' 
theory more completely covers the essential features required of 
a satisfactory theory and explains the conditions in the field as 
the writer saw them, than any one yet advanced. 

Age of the Deposits. 

Dr. Hayes* has given an excellent presentation of the phys- 
iographic development of northwest Georgia, and the contigu- 
ous parts of Alabama and Tennessee. Hayes points out in this 
development three levels of planation in the bauxite area, the 
two oldest ones corresponding in age to the Cretaceous and 
Eocene periods, respectively. It is further shown that the sur- 
faces of the dolomyte plateau and ridges of the bauxite region 
determine the Eocene base-level plain, corresponding to an 
altitude of about 950 feet above sea level. The majt)rity of the 
bauxite deposits where not deeply eroded are found between 
the levels of 900 and 950 feet. Since the altitude of the deposits 
corresponds closely to that of the Eocene peneplain, they could 
not have been formed previous to that time as the ore-bodies 
are shallow surface deposits. Xor could they have been 
formed after the ])lain was uplifted and eroded without chang- 
ing the place of deposition of the ore-bodies. This would 
apparently fix the age of the bauxite deposits sometime near the 
close of the Eocene. 



•Op. cited, pp. r>51-r)Gli. 

Physiography of the Chattanooga District, in Tennessee, Georgia, and 
Alabama. Nineteenth Annual Report, V. S. (icol. Survey, 1897-98 (1899), part 
ii, pp. 1-58. 
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THE AGE OF THE KANSAS-OKLAHOMA 

RED-BEDS. 

B3' J. W. Bbbdb. Effin^taam, Kansas. 

The "Red-beds" of Kansas and Oklahoma have been re- 
ferred to all the ^eolog^c periods from the Permian to the Cre- 
taceous inclusive. Until recently no fossils have been known 
from these deposits. The thickness of these beds in Kansas is 
about 1,150 feet. 

A few years ago Prof. C. N. Gould found some imper- 
fectly jireserved ostracod crustaceans which Mr. T. Rupert 
Jones referred to a Triassic group of the genus Esthcria under 
the name Esthcria minuta. A little later Prof. Gould found 
some excellent s|x^cimens of Eriops, a Permian vertebrate, as- 
sociated with these same fossils, all of which came from near 
the base of the beds, leaving the age of a majority of them still 
in doubt, especially those above the great gypsum l>eds. 

Last summer professor Gould, with a party of the Oklahoma 
geological survey, discovered fossil invertebrates at Horse 
Springs, west of Alva. (). T., above the Cave Creek gypsum 
nearlv at the top of the red-beds. The fossils were subniitted 
to the writer for identification and later to Mr. Charles 
Schuchcrt, who offered some valuable suggestions. They are 
mainly pelecypods with a species of brachioDod and a few 
gastropo<ls. 

Though no species of Conocardiion, so far as I am aware, 
is known from the T^)wer ]\Tmian of Kansas or Oklahoma, 
vet this Carboniferous genus is represef|ted in the collection. 
Aviculopcctcn occidcntiilis ( Shum* » Meek, is also present and 
one other species bearing somewhat of a resemblance to it but 
quite different from it in some res])ects, is also oresent. One 
of the common fossils is a biplicate terebratuloid, Diclasma 
schuchcrti lieede,* belonging to a group of this genus hereto- 
fore unknown in the American Permian. Mr. Schuchert in- 
forms me that it is verv similar to a s])ccies of this genus de- 
scribed by W'aagen from the Permian of luiroiK\ 

Among the other genera represented are Schizodiis, Xati- 
copsis and FIcurophonis. 

• S«e forthcoming Rep. Gcnl. Surv. O. T. 
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The presence of these fossils clearly demonstrates the Per- 
mian age of these rocks, coming" as they do from very near 
to the top of the beds. 

Taking this into consideration the thickness of the Per- 
mian in southern Kansas is about 2,300 feet, allowing 1,150 
feet for the Upper Permian /'red-beds), and 1,150 feet for the 
Lower Permian (Wellington, Marion, Chase and Xeosho). 



A SHORT DISCUSSION OF THE ORIGIN OF THE 
COAL MEASURES FIRE CLAYS. 

By T. C. HoPKUO, Syracuse, N. Y. 

Fire clay is one of the terms ih common usage that has been 
adoDted into geological literature and it is not possible to give 
a scientific definition that would cover its usage by all classes. 
The manufacturers use the term for a highly refractorv clay, 
although they probably would not all agree on the degree of re- 
fractoriness that a clay must have to be properl}- termed a fire 
clay. Professor Wheeler draws the line at 2,500° Fahrenheit i"^ 
that is, a clay that withstands a temperature of 2,500** 
without fusion may be properly designated a fire clay. The 
coal miner and the clay miner in the coal region use the term 
for all the clays that underlie the coal seams, and likewise for 
all the blue clays of the Coal Measures whether underlying coal 
seams or not. Chemically, fire clay is a nearly pure hydrous 
silicate of alumina; especially must it have a low percentage 
of the so-called fluxing materials, such as the alkalies, alkaline 
earths, and iron oxides. 

From the standpoint of the manufacturer and the chemist 
many of the blue clays and many of the under clays are not 
fire clays at all. On the other hand the interpretation given 
bv the miner and the prospector leaves out a great many of the 
high grade refractory clays which are not blue and do not oc- 
cur in the Coal Measures. However, the miners' use of the 
term, as applied to the Coal Measures, is a natural and a con- 
venient one, as it is not always possible to tell in a fiekl exam- 
ination the difference between clays that fuse at 2,500 degrees 
and those that do not. In many of the different geological re- 
ports the term has evidently been used in this way. When the 

• Missouri Geological Survey, vol. xi, p. 133. 
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chemical and the fire resisting qualities have later been deter- 
mined in the laboratory they can then be distinguished as pure 
and impure, high grade and low grade, or poorly refractory 
and highly refractory. 

While the present paper deals principally with the blue 
clays of the Coal Measures, the tenii fire clay, of course, cannot 
properly be limited to these clays, as valuable refractory clays 
occur in strata both older and newer than the Coal Measures 
without anv connection with coal seams of anv kind. Thus, in 
Missouri, fire clays occur in Lower Carboniferous, Silurian, 
and Ordovician strata and in New Jersey in Cretaceous or 
more recent. Many of the residual kaolins of the Piedmont 
belt are highly refractory. 

The explanation commonly offered for the origin of the 
blue fire clavs of the Coal Measures is that thev are the soils on 
which grew the vegetation that forms the coal seams lying on 
top of them, and the reducing and leaching action of the vege- 
table acids from the living' and the decaying vegetation has 
changed the common clay to the refractory fire clay. This ap- 
|K*ars to be a satisfactory explanation for many of the clays, 
but there are some of the deposits that are not satisfactorily ex- 
plained in this way. 

The deoxidizing and leaching action of both living and de- 
caying vegetation is illustrated in many of the l)ogs and 
swamps of the present, and in a less degree in the meadow and 
the forest soil. 'J'he organic acids of the vegetable matter are 
strong reducing agents and under their action the red and 
yellow ferric oxides are changed to the lower gray or bluish 
ferrous oxide in which form it is soluble in the acids, and 
where there is sufficient circulation the iron may be either car- 
ried away in solution or segregated into beds of iron ore. 
Fragments of minerals containing alkalies and alkaline earths 
naay be broken up by the vegetable acids into separate com- 
pounds and the alkaline substances dissolved in the water and 
part carried away in solution and part may be taken up bv the 
plants and held in tlu- carbonaceous matter of the muck of the 
lK)g of the present or tlie coal bed of the older jx'riod. It some- 
times haj)pens that there is better drainage into the bog than 
out of it. and the iron leached from the surrounding region mav 
be carried into the bog and dei>osite(l as an iron ore. 
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The general order of occurrence is first the clay overlain by 
the ore, followed by the coal, but it frequently happens that 
one or more of these substances are lacking. Sometimes it is 
the ore, sometimes both the ore and the coal, and less commonly 
the clay. That is, in some places coal seams occur without any 
underlying clay, and in many places the clay occurs without 
any overlying coal. Again, it frequently happens that the clay 
may form one or more seams in the coal bed ; thus, in the fam- 
ous Pittsburg coal seam in southwestern Pennsylvania, and in 
West Virginia, the inclosed fire clay seams, several in num- 
ber, are remarkably persistent and regular in thickness over 
wide areas. 

We find some phenomena in connection with the occurrence 
of the fire clays, and the coal seams that are difficult to har- 
monize with the above outlined theory of origin. Thus, if the fire 
clay is the soil on which grew the vegetation that forms the coal, 
and in so doing changed the common clay to fire clay, how are 
we to explain (i) the occurrence of fire clay beds free from 
coal of any kind, (2) that such clay is frequently of better 
quality, tliat is, more refractory than that which is overlain by 
coal, (3) the great thickness of some of the beds, and (4) the 
coal seams deposited on yellow shales or sandstones entirely in- 
dependent of any fire clay ? 

(i) fire clay beds not overlain by coal. — Comparatively 
little is given on this point in the literature, but the observa- 
tions of the writer in several different coal basins lead him to 
think that this is a rather common occurrence. In Clearfield, 
Indiana, Westmoreland, Clinton, and .Tioga counties, Pennsyl- 
vania, these coalless fire clav seams occur in considerable nuni- 
bers. 

The fire clay in these cases might have been fonned in the 
usual way, and the absence of the coal explained by the fact 
that (a) tlie carbon might have been oxidized, owing to long 
exposure before the overlying sediments were deposited, or 
(b) the carbonaceous material may have been eroded before 
the deposition of the next stratum, (c) AncHlier and, in some 
instances more probable explanation, is that the clay was fire 
clay before it was de]X)sited in its present position, that is, it 
was changed to fire clay in some other locality and was then 
eroded and transported as sediment and deposited in its pres- 
ent position in much the same condition as it is at present. 
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(2) The clays that occur free from the coal seams are apt 
to he more refractory than those underlying coal seams. — It 
is a matter of observation that the most refractory clavs in the 
Coal Measures are found among those which have no coal 
overlying them. Thismay be due partly to greater original purity 
and partly to a leaching subsequent to the elevation of the land. 
Thus the secondary deposition of the clay would tend to re- 
move a greater percentage of the soluble bases that form the 
fluxing constituents and after the elevation of the land the 
leaching by the meteoric waters would tend to still further re- 
move the soluble materials. The texture of clay is not favor- 
able to the rapid percolation of water, but the slow circulation 
through a long period of time may accomplish the same re- 
sult. The accumulation of the iron carbonate ("the ore balls*') 
so abundant in some places, shows that the water does perco- 
late through the clay to some extent. Where the clay is over- 
lain by coal, the tendency is often the opposite to the above and 
iron is carried into the clay from the oxidizing pyrite in the 
overlying coal. 

(3) The great thickness of some of the clay beds. — In some 
places the fire clay deposits are thirty feet or more in thickness. 
One can hardly conceive how the vegetation growing on the 
top of a deposit of this thickness would extract the iron and 
the alkalies from the entire body of the clay. If it were formed 
in this way one would naturally expect the up])er part "to be the 
purest, and at least some considerable portions of the middle 
and lower portions to be inichanged. Instead we find, so far 
as therO is any diflference, that the lower part is likely to be 
the best clay and the poorest part at the top. 

At Bolivar, Pa. .the flint fire clay is over twenty-five feet thick 
and overlying it between the clay and the coal there are several 
feet of shale. How would it be |K)ssible for the plants of this 
coal seam to leach out the iron and alkalies from twenty-five 
feet of clay when there are several feet of unchanged shale 
lying between them ? 

At Blossburg, Pa., there is a bed of fire clay 15 to 2^ feet 
thick, with no coal or carl)onaceous matter associated with it, 
and no fossil plant remains in so far as known. The laminated 
structure of this deposit is additional evidence in supf)ort of 
the belief that the clay was fire clay at the time of its deposi- 
tion and not clay that has been changed in situ. 
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(4) Coal z<.nthout under elay. — In most cases the coal is 
underlain with clav of some kind, but in many instances it is 
not fire clay in the sense of l)eing highly refractory. In some 
instances there is no under-clay of any kind, but the coal is both 
underlain and overlain by a ferruginous sandstone. While in 
some instances casts of plant roots and stems occur in the un- 
derlying sandstone, it frequently happens that there is no evi- 
dence of vegetable remains nor any of the leaching action of 
the reducing acids. 

In view of the above statements it appears to the writer that 
the occurrence of a not inconsiderable portion of the fire clays 
is better explained by considering them as transported clays 
reduced before deposition. This does not invalidate the com- 
mon supposition that many of the fire clays are formed in situ 
by the action of the vegetation of the coal beds, but not all of 
them are satisfactorily explained in this way. Furthermore, 
the refractory quality of many of the clays has been increased 
probably since the elevation of the land areas by a leaching out 
of the fluxing materials due in part to the topographical jXDsi- 
tion of the beds near the hilltops and in part to a stratigraphical 
position that permits the access of the acidulated waters. 



NOMENCLATURE OF THE CAMBRIAN FORMA- 
TIONS OF THE ST. FRANCOIS MOUNTAINS. 

By CiiARLKS R. Kkves, Des Moines, Iowa. 

The group of granite j)eaks. lying at the eastern end of the 
Ozark highlands and to which the name St. Francois moun- 
tains has l>een appropriately applied, has surrounding it a 
thick sequence of sandstones and limestones. Regarding the 
geological age of these rocks there has been more or less ex- 
tended discussion. Hie terrancs recognized in the special re- 
port* on the Mine la Motte district have not the same delimita- 
tion, nor the same names, as those adopted in other descriptions 
of the region. Some confusion appears lo '.'xist in conse- 
quence. A brief historical statement at this time will embrace 
the reasons for following the nomenclature ])ropose(l in the 
special reix>rt mentioned. 

*Missouri Geological Sur., vol. ix, pt. iv, 1895. 
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By paralleling the general sections, the exact stratigraphical 
relationships of the various formations may be clearly repre- 
sented. 



WINSLOW, 1896. KEYES, 1895. 



Potosi limestone 

St. Joseph limestone 
La Motte sandstone 
Iron Mountain conglomerate 



Le Sueur dolomyte 
Fredericktown dolomyte. 
La Motte sandstone 



The names defined by Winslow were incidentally men- 
tioned, by him a year previous* to the publication of his de- 
scriptions, but at that time without definition. When they 
were formally proposedt another set of names had been de- 
fined for the same region. 

Stratigraphically, the Iron Mountain conglomerate cannot 
be considered as a distinct geological terrane, unless the orig- 
inal signification of the title be wholly changed and restricted 
to the conglomerates encircling the peak of Iron mountain 
alone. On the same horizon of unconformity and over a large 
area, similar conglomerates occur. These beds are not only 
not continuous, but thcv are often widelv isolated and usuallv 
of very local extent. Moreover, if it were desirable to have a 
name undefined stand for this conglomerate the term suggested 
would have i>riority in another sense. It was used with defin- 
ite application to the porphyry of the region.:}: The recogni- 
tion of the i)orphyry as a distinct formation is all the more 
significant since it has been found that it is really the upper part 
of the general granite mass of the area.N? The conglomerates 
when they occur may be properly regarded as local basal facies 
of the La Motte sandstone. 

In both of these sections mentioned alxwe, the stratigraphical 
delimitation of the La Motte sandstones is essentially the same. 
The same is true, to all practical intents, of the I'Vedericktown 
formation. Regarding the title St. Joseph that is used in the 
bulletin of the J'Vderal survey, it may be said that the defini- 
tion of the formation was not published until a year after that 

^Missouri Geol. Sur., vol vi. lM)r». p. 831. 
iBull. r. S. Geol. Sur , No. 182. 1 slM>, p. 11. 
tMissouri Geol. Sur.. vol. vi, 1H04 p. 3o. 
^Bull. Geol. Soc. Aniericn'.vol. vii. 1 s9r>, p. 303. 
\r S. Gvol. Sur , Bitll. 132, 1S<>6, p 11. 
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of the Fredericktown.* To be sure, the title St. Joseph ap- 
pears in the lead and zinc report of Missouri, published in 
1895, but it was merely a name in a table of provisional for- 
mations, and was given as an alternate with St. Francois lime- 
stone. In spite of this fact, this name might have been adapt- 
ed at the time in the special report on the Mine la Motte district 
and used in place of Fredericktown had it not been for the 
circumstance that essentially the same name had been previous- 
ly proposedt in due form for an important terrane in north- 
ern Arkansas — the St. Joe marble formation. 

The LeSueur dolomyte;[; of the Mine la Motte district, rep- 
resents only about the lower third of what was later denom- 
inated the Potosi limestone. The latter name, moreover, like 
St. Joseph, was merely mentioned in the general lead and zinc 
report. As a matter of fact, little is really known about the 
stratigraphy of what is colored as the Potosi limestone on the 
map accompanying the bulletin of the United States Geological 
survey. And it is exceedinglv doubtful whether the beds 
which have been termed the LeSucur in the Mine la Motte dis- 
trict are represented at all in the Potosi limestone further 
north near the typical locality. 



EDITORIAL COMMENT. 



THE Sl'PPO.SHl) RECKXT SriniEKCEXCK iW SIIJEKIA. 

Prof. G. F. Wright finds that the country skirting the great 
central Asiatic table-land is loaded with the fine deposit known 
as "Loess." This consists of water-bonie deposit for the most 
part though in the east the aeolian origin as maintained by 
professor Richthofen, seems very probable. If this material 
is of glacial origin ultimately, as is the case in other parts of 
the world, this view merely explains its mode of deposition. 
It must, then, be the **glacier-milk" of the glacier-system of the 
central plateau brought down by the rivers that flow clown the 
long slopes and dropped on the lowlands adjoining. 

P>ut professor Wright says that the altitudes of the strata of 
loess are such as to prove a subsidence (;f the whole region in- 

*Missouri Geol. Sur , vol. ix. 189.'. pt. iv. p. 4-8. 

f Arkansas Geol. Sur., Ann. Kep. 1 S9(). vol. iv, 1893, p. ^^53. 

tMissouri Geol. Sur., vol. ix, pt. iv, 1S95, p. r)2. 
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eluding northern Russia, most of Siberia and the area south 
to the Black and Caspian seas and to L. Balkath to the extent of 
between 2,000 and 3,000 feet. All this area was, he thinks, 
below the surface of an inlet from the Arctic ocean at a date 
comparatively recent, well within the human era, and ap- 
proximately corresponding in time with the glacial era in other 
parts of the world. 

Should this depression* and submergence, on further in- 
vestigation, prove to have really occurred it will be of some 
assistance in accounting for the absence of glacial phenomena 
over the great northern plains of Siberia. Already has the sug- 
gestion been put forward, but the evidence alleged in its sup- 
port has not been conclusive. Xor indeed does that urged by 
r>rofessor Wright amount to jx)sitivc proof, even in the opinion 
of its author. The occurrence of enonnous masses of loess 
near the plains where glacier-streams or glaciers issued from 
the vast central plateau is naturally to be expected and possi- 
blv the accumulation of this material in such places may be 
explained without requiring so extensive submergence. 
These are the places where it would naturally be dropped 
and the occurrence of sand or gravel or even pebbles is not 
inconsistent with this view. 

But on the other hand the a])sence of marine remains of 
every kind is opposed to marine origin of the loess. Possibly 
these may be found hereafter on more extensive examination, 
but until they come to light we must hold the subsidence and 
submergence theory lacking in its most valuable proof. To 
assume this absence would be premature. Siberia is an enor- 
mous area and its geolog}' is little known. The future may 
reveal such fossils yet unknown. Thus far, however, we have 
no knowledge of their cxrcurrence. And it would be scarcelv 
safe to assume a submergence so extensive on the evidence of 
*ioess'* alone. Granting a glacial era on the high, bleak and 
windy ''Panier" the bordering valleys might well be filled with 
loess even to their upper levels. e. w. c. 

LAIJOKATORV AND LlCCTrRE MKTirODS IX GF'.OLOGV AT THE 

.STATE rXIVKR.SITV OF IOWA. 

The countrv around Towa Citv is thicklv covered with 

drift and loess, and while it affords excellent opportunities for 

the study of Pleistocene geology, illustrative material for 
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other branches of the science are far from abundant. The 
scarcity of material at hand has been a factor in the develop- 
ment of the methods used by j)rofessor Calvin. 

Textbooks and other literature are recommended, and the 
students' reading is directed, but no definite assignments are 
made, nor is any attempt made to follow the text in the presen- 
tation of the subject. The department is stored with a great 
variety of specimens illustrative of dynamical, physiographic, 
and historical geolog}-. These materials are in daily use, and 
it is one of professor Calvin's maxims, that a lecture in geology 
without specimens to illustrate it, is an imposition. The lec- 
ture-room is furnished with table-like desks accommodating 
eight students each, and affording room for the free use of spec- 
imens during the lectures. Rapid chalk-sketching and tabula- 
tion are used whenever the subject under discussion makes it 
possible. 

Perhaps the most unique feature of the methods, is the con- 
stant use of camera and lantern. The camera had been made 
to bring the outside world into the classroom, and large col- 
lections of lantern slides and sets of photographs are used co 
illustrate the grander structural and physiographic phenomena. 
In addition to this use of photography, each student, during 
the course gets between sixty and seventy large kallitype plates 
to illustrate his permanent notebook. These plates include 
over five hundred figures of physiographic features, structural 
forms and fossils. The students furnish the ])aper, and it is 
sensitized and printed in the department lalx)ratory. Students 
who can do so, may use the negatives and make their own 
plates. 

The outlines of lectures taken in the classroom are elaborat- 
ed and the work is re-written on flat paper and bound with the 
plates in patent covers. These permanent notebooks are called 
in, corrected and graded twice a term. With classes that meet 
five times a week, written or oral reviews are given about once 
a week. 

Regular field trips are made as frec[uently as possible. Be- 
fore the close of the year, each student collects material from 
all sources in the neighborhood of the city and presents it in 
the classroom with a written sketch of the geology of the 
region. d. r. g. 
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RIVER PROFILES. 

An interesting and valuable publication of the Department 
of Hydrography of the United States Geological Survey on the 
Profiles of Rivers in the United States by Henry Gannett, has 
just been published and is now available for distribution. It em- 
bodies within 100 pages the leading facts of about 150 of the 
most important rivers and streams of the country, noting their 
length, drainage area, the location of water power in their 
courses, their peculiarities of flow and the nature of their 
drainage basins. 

The rivers selected are those which are the lar-gest in size 
and bear most directly upon the varied interests of the country 
such as the Connecticut, Hudson, Susquehanna, Ohio, Po- 
tomac, Mississippi, Missouri, Platte, Colorado, Sacramento, 
Columbia, and others. The figures for the tables showin .f 
hight above sea level and fall per mile were collected from 
various sources. Some were obtained from the report of the 
Chief Engineer of the United States Army, some from railroad 
companies when their lines cross the streams and some from 
the atlas sheets of the United States Geological Survey. 

In the case of such rivers as the Connecticut. Susquehanna, 
Mississippi and Colorado, where the surrounding country is, in 
part or whole, of peculiar physic^graphic interest, very excel- 
lent and vivid descriptions of its leading physical characteris- 
tics are given which add to the interest and render it valuable 
from an educational standpoint in geographic and physio- 
graphic instruction. 

The j)amp]ilet is the result of much careful work and is the 
first attempt to collect and c(>mi)ile this information in its pres- 
ent form. 

(;iIl)E TO THE CEOLOCY OE XTAdAI^A FALLS. 

W'e referred in the last innnber of the Geoloc.lst to Mr. G, 
K. ( Gilbert's resume of the Falls of Niagara, and to the 
map of the region lately issued by the United States 
Geological Survey. More recently a more complete 
"guide to the geology and paleontology of Niagara Falls 
and vicinity" has been i)ul)lished by the New York 
State Museum, as lUilletin No. 54. vol. ix, April, 1901. 
Jt is by Dr. A. W. Grabau, of the Rensselaer Polytech- 
nic Institute. <it Trov. \. V. It also contains a glossary of pale- 
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ontological nouns and adjectives not generic nor specific, these 
being gathered in an index. The preface is by Dr. John M. 
Clarke. This work is accompanied by a geological map of the 
Niagara river by Dr. Grabau, and by several plates showing 
natural scenery. Dr. Clarke states that it is a volume produced 
by the co-operation of the Buffalo Society of Sciences and the 
department of paleontolog}- of the New York State Museum^ 
but the work of collection of the data and the discussion of the 
same is whollv bv Dr. Grabau. It is verv thoroughlv and care- 
fully done, and the volume certainly constitutes a suitable and 
creditable summarv of the work of the centurv bestowed bv ge- 
ologists on the features of the cataract and its gorge, and on 
their pleistocene history. The geologists of the coming cen- 
tury, having this epitome and guide, will certainly have no 
mean opinion of the labor of their predecessors on this greatest 
object lesson of pleistocene geology. 

'1 ne investisrations of Hall, whether on the measurements of 
the gorge or on the rocks and their fossils, in 18.^7-43, of Lyell^ 
Logan, Gilbert, Upham, Spencer, Leverett, Taylor and others, 
and their aggregate results, are herfe cast into one mold, from 
which is obtained a consistent general history of the gorge and 
of the falls. The volume, however, is more than this. It dis- 
cusses the entire geologic history of the region, detailing the 
physical changes which were introduced by the successive 
epochs. It also enumerates, with brief descriptions and numer- 
ous illustrations, the fossils that have been found in the region 
pertaining to the Silurian. The fossils of the Devonian are 
not enumerated. The last chapter is a distinct contribution to 
science, being a complete catalogue, with descriptions and refer- 
ences to authorities of the post- Pliocene fossils of the Niagara 
gravels, by Elizabeth J. Letson, director of the museum of the 
Buffalo Society of Natural Sciences. These post-Pliocene fos- 
sils are from Goat island, Prospect park. Queen Victoria park. 
Muddy creek. Whirlpool (both sides of the river) and Foster's 
flats. These fossils are also described and illustrated. The ap- 
pendix consists of a "partial bibliograj)hy of the geologv of 
Niap-ara and the great lakes." 

The volume is destined to become a classic of geological lit- 
erature,, equally suitable for the drawing room and the class- 
room. ^^ H. w. 
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REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Nitrates in Cave Earth. By Henry W. Nichols. (Jour. Gcol., Vol. 

IX, pp. 236-243.) 

This is in the main a criticism of the theory advanced by Hess 
{Jour. GeoL, Vol. VH, p. 2) that the nitrates of cave earth are not de- 
rived to any great extent from bat guano, as has been formerly sup- 
posed, but from the soil above by a leaching process followed by a 
deposition of the salts on evaporation. The chief objections raised by 
Mr. Hess to the old theory may be briefly summarized as follows : — 
I. Bats do not penetrate far into caves, which makes it difficult to ac- 
count for the presence of salts derived from guano and their uniform 
distribution in the caves. 2. Cave earths contain little or no organic 
matter. 3. While the total phosphates in the guano and underlying 
earth are about equal, the soluble phosphates are much less in the earth. 
In criticising these objections it is shown, that bats do penetrate into 
remote parts of the caves, that in some instances cave earths do con- 
tain organic matter and that the lack of soluble phosphates in the earth 
is due to a simple reversion of the soluble to an insoluble form. Among 
other things to which attention is called is the presence of carbonates 
in the drip waters of the cave and their absence in the cave earths, 
a fact which Mr. Hess's theory docs not account for. It is thought that 
the amounts of phosphates and nitrates taken into solution from the soil 
are too small to account for the amounts found in the earth and that 
the considerable quantities of soluble salts in the bat guano furnish 
a more probable source of supply. The author therefore concludes that 
the old theory agrees with the facts better than the new\ c. h. w. 

Molum'kite. By Joseph W. Richards. (Am. Jour. Sci., 161, 457-458.) 
Under the name mohawkite a mineral was described by Ledoux 
{Eni^. & Min. Jour., Apr. 7, igoo.) to which he assigned the formula 
(CuXiCo),As. Later the correctness of his work was called into 
question by Koenig, who appropriated the name mohawkite for a min- 
eral which he described (Am. Jour. Sci., Dec, 1900,) as having the 
comiM^sition ( Cu Xi Co)i As. .\ new analysis is reported in the present 
paper, confirming the correctness of Ledoux's work and proving the 
existence of a molecule (CuXiCo)4As. The name ledouxite is pro- 
posed as a name for the latter. c. H. w. 

On the origin of the J^henocrysts in the Porf^hyritie Granites of Georgia 
By Thomas L. W.xtsox. (Jour. GeoL, Vol. IX, pp. 97-122.) 
A detailed petrographical description is given of the porphyritic 
granites of Georgia, within the Piedmont plateau. The different areas 
are taken up according to their geographical distribution. The follow- 
ing facts given by the author concerning these rocks are believed to 
indicate that the phenocrysts ('orth<K'lase) have been formed in place 
and are not of intratelUiric origin: — i. The absence of a definite ar- 
rangement or orientation among the phenocrysts. 2. Absence of 
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phenocrysts from the border zones of the granite masses and a gra- 
dation peripherally from an interior porphyritic f.icies into an even- 
granular granite of coarse texture and of the same mineral and chemi- 
cal composition. 3. The absence of any evidence of magmatic resorp- 
tion or corrosion of the phenocrysts. 4. The absence of any flow 
structure. 5. The abundant inclusions of all the ground mass constitu- 
ents, a feature very characteristic of these porphyritic granites. A table 
of the chemical analyses of these rocks accompanies the article. 

c. H. w. 
Studies for Students. By O. C. Farrington. (Jour. Geol., Vol. IX, 

pp. 51-65 and 174-190.) 

This is a study of meteorites in regard to their chemical and miner- 
alogical composition, their petrographical characteristics, their terres- 
trial analogies, and to some of the theories relating to their origin. 

c. H. w. 
Mifteralogical Notes. By C. H. Warren. (Am. Jour. Sci., 161, 

369-373.) 

The following minerals are described: — anorthite crystals occur- 

ing as a contact mineral in the limestone at Franklin Furnace, N. J. ; 
soda orthoclase crystals of peculiar habit from a phonolyte dike, Crip- 
ple Creek, Colo.; iron wolframite crystals from South Dakota; pseudo- 
morphs of wolframite and schcelite from Trumbull, Conn. c. h. w. 

A Text-Book of Geolo^^y. By A. P. Brig ham. D. Appleton & 

Co. 190 1. 

This volume is intended for use in secondary sichools. It is the 
latest of the scries of Ticeiitietli Century Text-Books, and like its pred- 
ecessors, it is admirably bound and illustrated. Its treatment of the 
subject is physiographic in standpoint, its style simple, and its lan- 
guage untechnical. Dynamical and structural geology are treated in 
a manner well suited to explain the essential facts to young students, 
while at the same time its conceptions are thoroughly up to date. Its 
treatment of historical geolog>^ is over-brief, being merely a summary 
of life development and of continental evolution. There are excellent 
pictures of fossils, but the discussion of them brings out little beyond 
geographic distribution. No attempt is made either at a phylogenetic 
interpretation of fossils, nor -is the method of determining geological 
horizons by means of them discussed. There is no suggestion of the 
manner of interpreting past conditions from the paleontological evi- 
dence. The term Lower Silurian is retained in preference to the more 
generally accepted Ordovician. 

The book is the best elementary text-book yet produced. As Gil- 
bert said in his Lake Bonneville Monograph, *'it is through the study 
of the phenomena of the latest period that the connection between pres- 
ent processes of change and the products of past changes is established/' 
Mr. Brigham is the first to make in a text-book the true use of 
physiography, not as a separate department of geology, but as the key 
to all the others. With biological and stratigraphical explanations from 
the teacher, the book will be admirably suited to the purpose for which 
it is intended. • i. h. 0. 
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Pearson, H. W. 

Oscillations in the sea-level. III. (Geol. Mag. vol. 8, pp. 253-265. 
June, 1901.) 

Richards, J. W. 

Mohawkite. (Am. Tour.^ Sci., vol. 11, p. 457. June, 1901.) 

Ries, Heinrich, 

Clays and Clay products at the Paris Exposition. 1900. (U. S. 
Geol. Sur.,. (21st Annual Report. Part VI (continued) pp. 365-392. 
1901.) 

Ruedemann, Rudolph 

Hudson River beds near Albany and their Taxonomic equiva- 
lents. (Bull. N. Y. State Mus., No. 42, vol. 8. pp. 489-587, pis. i, 2. 
April, 1901.) 

Shattuck, G. B. 

The Pleistocene problem of the North Atlantic coastal plain. 
(Johns Hopkins University circulars, No. 152. May, 1901.) 

Ulrich, E. O. 

Bryozoa. (Md. Geol. Sur., Eocene, pp. 205-221. nls. 59, 60. 1901.) 

Ulrich, E. O. 

Arthropoda. (Md. Geol. Surv., Eocene, pp. 116- 121, pi. 16. 1901.) 

Van Ingen, G. 

The Siluric fauna near Batcsville, Arkansas. (Schl. Mines 
Quart., vol. 22, pp. 318-329. April, 1901.) 

Vaughan, T. Wayland 

Coelenterata. (Md. Geol. Sur., Eocene, pp. 222-27,1^ pi. 16. 1501.) 

Wieland, G. R. 

Study of some American fossil Cycads, part iv. Microsporangiate 
Fructification. (Am. Jour. Sci., vol. 11, pp. 423-4:^6. June, 1901.) 

Wortman, J. L. 

Studies of the Eocene mammalia in the Marsh collection. Pea- 
body Museum, plate 6, pp. 437-450. June, 1901. 



PERSONAL AND SCIENTIFIC NEWS. 



Prof. H. C. Beeler, of Cambria, Wvo., has been appointed 
state geologist of Wyoming. 

The next meeting of the International Mining Con- 
gress will be held at Boise, Idaho. 

Mr. W. S. Gresley, late of Erie, Pa., has retnnicd to Eng- 
land. His address is Derby, Eng. 

Prof. J. C. Hartzell, of the Illinois Wesleyan University, 
is engaged for the summer with the Indiana Geological Survey. 

Prof. C. E. van Barneveld, of Minneapolis, has recently 
made a professional trip to Grand Encampment, Wyo., and to 
Tintic, Utah. 
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Prof. F. W. Sperr, of the Michigan College of Mines, con- 
ducted a class of 35 students in the iron mining district of 
northern Michigan. 

Prof. Pail (iOode. of the Normal School at Charleston, 
111., has heen appointed instructor of geography at the Univer- 
sity of Pennsylvania. 

The proposed expedition to (iuEEXLAND and Iceland, un- 
der the guidance of Dr. R. A. Daly, during the summer of iQOi, 
has heen ahandoned hv him. 

Cornell College, Iowa, conferred the degree of LL. D. 
on Mr. W. J. McGee of the lUireau of Ethnology, Washington 
at the late Commencement. 

Dr. Bruce Fink of Upper Iowa University has been elect- 
ed professor of geology at Drake University, Des Moines, 
Iowa. 

Dr. E. S. Riggs, of the Field Columbian Museum, is in 
Wyoming exploring for fossils. 

Dr. C. H. Gordon is engaged on the Michigan Geological 
Survey near Port Huron. 

Prof. \Y. M. Gregory is at work on the same suryev in 
Arenac county. 

The Michigan Mixer, published at Saginaw, devoted the 
issue for July i, almost exclusively to the coal mining industry 
of Michigan. 

Prof. W. P>. Scott, of Princeton university, started recent- 
ly for the .;^rgentine Republic for the purpose of scientific in- 
vestigations in that country. 

Prof. L'. S. Grant, of the Northwestern University, 
Evanston, 111., has recently spent several weeks in investiga- 
tion on the Mesabi range. 

Dr. a. W. Grabau has been appointed lecturer in Paleon- 
tolog}^ at Columbia University. The instructorship in Tufts 
college, which he has left, is not to be filled for the coming 
vear. Dr. Hollick retains the paleobotany, and will have his 
headquarters in the Botanic Garden. 

Dr. Wm. ]\. Phillips has been a])pointed director of the 
reorganized 1Vxas geological survey. He will make early 
examination and report on the petroleum basins of the state 
and on the tratm- Pecos district. 

The MissoiRi School of Mines at Rolla has been con- 
siderably strengthened by liberal appropriatioiLs by the last 
state legislature. The scoj)e (^f the institution will be ex- 
tended, and new buildings are to be erected. 

Prof. I. C. Rissell, of the l^m'versity of Michigan, has 
been elected state geologist of New Jersey, I'ice J. C. SuKK'k, 
resigned last year, and has accepted conditionally. lie will 
spend the sumnier of 1901 in Idaho, in the service of the Unit- 
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cd States Geological Survey, his address being Mountain 
Home, Idaho. 

Dr. Jaggar and Dr. Palache of Harvard University are 
engaged during the summer in a survey for folio publication 
by the Survey, of a portion of the Big I^ug mining district near 
J^rescott, Arizona, embraced in a 30' quadrangle. 

Dr. a. N. Wjnchell^ of Ikitte, Mont., will spend the sum- 
mer visiting the mines of Montana, especially those of gold 
and silver, in the interest of the Montana School of Mines, 
and for the purix)se of collecting statistics for the United 
States Geological Survey. 

Mr. a. W. G. Wilson and Mr. E. Howe received the de- 
gree of doctor of philosophy in geology at Harvard University 
in June. The former has returned to Canada to engage in ge- 
ological work, and the latter is connected with Mr. Cross' field 
party in the United States Geological Survey. 

Dh. W. H. Ijarris, Davenix)rt, Iowa, died at his residence 
June 10. He was favorably known for his studies of the geol- 
ogy of Davenport and vicinity, and as corresponding secretary 
of the DaveniK)rt Academy of Science. An appropriate sketch 
of him and his work may be expected in a later number of the 

(lEOLOGlST. 

The State of Washixgtox established a geological sur- 
vey by a law passed last winter, appropriating $5,000 per year, 
the same to be exix^nded imder direction of a geological board, 
consisting of the governor, lieutenant-governor, the auditor of 
the state, the president of the state university, and the president 
of the agricultural college. 

According to Proe. A. C. Lane, state geologist of Michi- 
gan, in the linginecring and Mining Journal, the marls of 
Michigan are imj)ortant as a source of suitable material for the 
manufacture of Portland cement, an industry which is exten- 
sive in Michigan, and has served as a subject of statistical in- 
quiry by Prof. J. C. Russell for the United States Geological 
Survey. 

The (lEoi.oGicAL Sirvev of Sol-tii IXvkota, under Prof. 
J. E. Todd, has Ik'cu jnit on a more comprehensive and perma- 
nent financial basis. His assistants are Prof. C. C. O'Harra, 
of the Sc1kk)1 of Mines at Ra])id City, in geolog}-; Prof. C. P. 
Lommen, of the State I'niversity at Vennillion, in zoology; 
and Prof. 1). A. Saunders, of the State Agricultural College, 
l>r()okings, in botany. 

The Montana State School oe Mines was provided for 
in the enabling act of congress which granted the state 100,000 
acres of land for such institution. The lands have been mostlv 
l(K*ated and are leased, prcHlucing a revenue to the school. 
Hiey are classed as agricultural, grazing and timber lands. 
Their api)raise(l value is $148,536.02, and the timber is valued 
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at $221,970. None of these lands have been sold. The build- 
ings erected at Butte were not paid for by the state, but by 
thirty-year bonds secured by these lands, the state, however, 
having guaranteed both principal and interest. 

Mr. H. W. Pearson, of Dulutii, recently brought a novel 
suit against the Great Northern Railroad company It was 
tried at St. Paul and the question at issue, viz : that of a 
monev consideration of a million and a half of dollars for dis- 
covering coal in Montana and Washington, was left undecided 
by a disagreement of the jury. 

Mr. Pearson induced the president of the Great Northern 
company (Mr. J. J. Hill) to employ him to search for coal 
along the line of the Great Northern R. R. in 1896, under the 
fuidance of a new hypothesis and law which he (Pearson) 
claimed to have discovered. The law of Pearson, on examination 
by competent geologists, proved to be wholly groundless and 
puerile. It assumed that the earth's crust has never been- 
elevated and depressed, that the ocean had flooded alternately 
the northern and the southern hemispheres under the disturb- 
ing action of ice-caps as suggested by Croll, that such flooding 
disrupted the then growing forests and carried the debris as 
driftwood against pre-existing highland barriers that were not 
submerged, that such driftwood, so lodged, was accumulated 
so as to form coal, that all coal "on earth" could thus be located 
when once the tof)ography and the oceanic currents were 
known, that the deposits of Wales, those of Pennsylvania, Ohio 
etc., were of glacial or post-glacial date, that the Montana and 
Washington coals, whether Cretaceous or Tertiary, were of the 
same age as those of Wales and Pennsylvania, that the coals 
known to have greater elevation were of earlier date than 
those of lower altitude, that the Crollian submergences were 
greater in earlier geological (glacial?) time than in the later, 
that the evidences of such submergences consist in the beaches 
that are scattered over the country, that the beaches that have 
been described about glacial lakes in the United States such as 
the "boulevard beach" at Duluth, and those of lake Agassiz, 
are ancient ocean beaches, and cotcmporary, that the Columbia 
formation of the Atlantic sea-board, and the Lafayette of the 
interior, were cotemporary, and due to the same submergence. 
that the whole science of geology was to be remodeled on this 
law, forming a "new^ R^'^^logy," and that this ticw geology was 
simply a reversion to the geological ])rinciplcs that were in 
vogue a hundred years ago. 

Strange to sav, this wild, anarchistic notion figured large- 
ly in the suit. Be it said, however, to the credit of the intelli- 
erence of the jury, the disagreement was due not to the theory 
but to a difference of opinion as to actual, original discovery of 
any coal by Pearson, for he had designated certain coal beds 
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as probably valuable, and the (ireat Northern Railroad com- 
pany had entered upon them. 

It was shown that the coal designated by Pearson lay in 
the coal basin that had been described in the tenth L'nited 
States census report (1880), by W. M. Davis and G. H. Eld- 
ridge, and Dr. J. S. Newberry, and by Messrs. Weed and Pirsson, 
several vears before Pearson saw it. It was also shown that a 
part of the area under contest (the Cottonwood coal area at 
Stockett) had iK^en examined by the agents of the Montana 
Central R. R. company and had been by them passed to the 
(ireat Northeni R. R. company, that other parts had been ex- 
amined by drilling and had been mapped by the agents of the 
Sand Coulee Coal company, and that the Great Northern R. R. 
company had itself decided to enter upon the mining of that 
area several months before Pearson visited it, and that in a 
small way, coal had been mined there for 14 years prior to 
IVarson's visit. 

The evidence was clear, the ])leading was direct and con- 
clusive, the instructions and charge of the judge were lucid 
and sufficient, but the jury failed to agree and were discharged. 
It is said the case will be retried. 
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GEORGE MERGER DAWSON. 

PORTRAIT. 

The widespread expressions of deep regret and personal 
loss following the death of Dr. G. M. Dawscn show that his 
was no ordinary life. Called away while in his prime, and 
with a past which gave promise of great achievements 
yet to come, he has left a blank which will not soon be filled. 

Dr. Dawson was the second son of the late Sir J. W Daw- 
son, and was born on the ist of August, 1849, in Pictou, Nova 
Scotia. In 1855 his father, who had for some years been act- 
ing as Superintendent of Education for Nova Scotia, received 
the appointment of principal of McGill University, Montreal, 
and with his family took up his residence there. Instead of 
the magnificent structures of to-day there were then on the 
college gounds only two "unfinished and partly ruinous build- 
ings, standing amid a wilderness of excavators' and masons' 
rubbish, over-grown with weeds and bushes. The grounds 
were unfenced and pastured at will by herds of cattle, which 
not only cropped the grass, but browsed on the shrubs, leaving 
imhurt only one great elm, which still stands as the 'founder's 
tree,' and a few old oaks and butternut trees."* Surroundings 
of this kind were not ideal from a university point of view, but 
made a delightful environment for an intelligent boy. The 
numerous wild flowers, the birds' nests, the fossil shells in the 
blue clay, the waste waterway where leaves and twigs became 
•* petrifactions," the lively brook where mimic fleets could be 
navigated and dams constructed — these and many other ob- 

•Fifty years of work in Canada— Autobiographical notes by Sir William 
DaWSOM, p. 98. 
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jects of interest were there, and with the guidance and encour- 
agement of an ever-ready father, the boy's inborn love of na- 
ture was daily stimulated and increased. 

At ten years of age Dawson entered the Montreal High 
School, remaining there for one year, and taking a high place 
in his classes. Subsequently, however, owing to ill-health, 
his education was carried on for the most part under tutors; 
and while this system no doubt cut him off from some J^d- 
vantages, it gave him on the other hand wider opportunities for 
pursuing and mastering subjects which had special attractions 
for him. Surrounded by books, chemical apparatus, paints 
and pencils, the days were never too long, and photography, 
book -binding, painting magic lantern slides, and even cheese- 
making, afforded him fascinating occupation and amusement. 
One who knew him well at that time says : "He seemed to ab- 
sorb knowledge rather than to studv, and every new fact or idea 
acquired w^as at once put into its place and proper relations in 
his orderly mind. He was always cheerful, amiising and 
ix)pular, other boys flocking round him and invariably submit- 
ting to his unconscious leadership." 

At the age of eighteen Dawson entered McGill College as 
a partial student, attending lectures on English, chemistry, 
geology, &c., during the session of 1868-9. While a student 
at this time he wrote a poem on Jacques Cartier which, while 
but a boyish effort, was thought very well of by his instructors 
and gave evidence of his keen love of nature and poetic instinct. 
The view from the summit of Mount Royal, whither Cartier 
Avas conducted by the red men of Hochelaga, is thus described : 

"Far on the western river lay, 
Like molten gold, the dying day. 
Far to the east the waters glide 
Till lost in twilight's swelling tide; 
While all around, on either hand. 
Spread the broad, silent, tree-clad land ; 
And in the distance far and blue 
Long swelling mountains close the view." 

The following year Dawson went to London and entered 
the Royal School of Mines, at that time on Jermyn street. He 
was fond of the sea, and on this occasion made the passage 
in a sailing ship, he and another young man being the only 
oassengers. During the voyage he amused himself making 
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observations on the surface life of the ocean, and the phenomena 
of phosphorescence. He also studied navigation, under the di- 
rection of the captain, and the knowledge then acquired after- 
wards stood him in good stead when he had to navigate a 
schooner along the dangerous coast of British Columbia and 
the Queen Charlotte Islands. 

At the School of Mines he took the full course of study, ex- 
tending over three years, and passed as an associate. At the 
end of his second year he carried off the Duke of Cornwall's 
scholarship, given by the Prince of Wales, and on graduation 
stood first in his class, obtaining the Edward Forbes medal and 
prize in Palaeontology and Natural History, and the IVIurch- 
ison medal in Geology. While at the School of Mines he paid 
special attention to the study of geology under Ramsay, Hux- 
ley, and Etheridge, but also devoted much time to chemistry 
and metallurgy', under Frankland and Percy respectively, and 
to mining, under Warrington Smyth. Even in his holidays 
he was never altogether idle, and during most of the summer 
of 187 1 he was attached to the British Geological Survey, and 
worked with the late J. Clifton Ward in the Cumberland Lake 
district. While in England he made many warm friends, with 
some of whom he corresponded regularly for years afterwards. 

On returning to Canada in 1872 he was engaged for some 
months examining and reporting upon mineral properties in 
Nova Scotia, and subsequently went to Quebec, where he de- 
livered a course of lectures on chemistry at Morrin College, 
which was attended by a large and appreciative class. In 
1873 ^^ W21S appointed geologist and botanist to Her Majesty's 
North American Boundary Commission, which had been con- 
stituted to fix the boundary line between British North Amer- 
ica and the United States, from the Lake of the W^ockIs to the 
Rocky mountains, and which had been carrying on its labours 
for about a year. From early boyhood Dawson had been keen- 
ly interested in travel and exploration, and in the Canadian 
North West he saw a region ready to yield up a rich harvest of 
discovers. There was the charm of novelty afforded bv a 
well-nigh untrodden field, and the many hardships to be en- 
countered only seemed to lend attractions to the expedition. 
In those days no Canadian Pacific trains rolled across the con- 
tinent. Fort Garry, now the fast-growing city of Winnipeg, 
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with more than 40,000 inhabitants, was then practically the last 
outpost of civilization, and the great prairies had to be trav- 
ersed on horseback or on foot, provisions and equipments of 
every kind being carried in Red river carts, drawn by oxen 
or ponies, with shaganappy harness. The two years of Daw~ 
son's connection with the Boundary Commission were for him 
years of incessant activity, but the results of. his work were of 
great scientific value. They were embodied in a report ad- 
dressed to the head of the commission, major (now general) 
D. R. Camerpn, R. A., and published in Montreal in 1875.* 
The volume, which is now looked upon, as "one of the classics 
of Canadian geology," is a model of what such reports should 
be — scientific facts being clearly and succinctly stated and the 
conclusions logically drawn. The main geological result ar- 
rived at was the examination and description of a section over 
800 miles in length across the central region of the continent, 
which bad been previously touched upon at a few points only, 
and in the vicinity of which a space of over 300 miles in longi- 
tude had remained even geographically unknown. The report 
discussed not merely the physical and general geology of the 
region, and the more detailed characteristics of the various 
geological formations, but also the capabilities of the coimtry 
with reference to settlement. The whole edition was long ago 
distributed, and the volume is now exceedingly scarce and dif- 
ficult to obtain. While attached to the Boundary Commission 
Dawson made large collections of natural history specimens, 
which were forwarded to England and found a home in the 
British Museum, as well as at Kew and elsewhere. The Brit- 
ish Museum obtained no less than seventeen species of mam- 
mals not previously represented in its collections. 

^lore or less in cotmcction with the above work were pub- 
lished papers on the ^'Lignite Formations of the West/' the 
"Occurrence of Foraminifera, Coccoliths, &c., in the Cretaceous 
Rocks of Manitoba," on "Some Canadian species of Spongil- 
lae," on the "Superficial Geology of the Central Region of North 
America," on the "Locust Invasion of 1874 in Manitoba and 
the Northwest Territories," &c. 

When the work of the Boundary Commission was brought to 
a 'close, Dawson received an appointment on the staflF of the Geo- 

•Report on the Geologry and Resources of the Region in the vicinity of the 
Forty-ninth Parallel, from the Lake of the Woods to the Rocky Mountains^ 
with lists of Plants and Animals collected and notes on the Fossils. 
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logical Survey of Canada and began in that connection the long 
series of explorations of the North West and British Colum- 
bia, which brought such great credit to himself and his country. 
In 1883 he was made an assistant director of the survey, and 
later, on the retirement of Dr. Selwyn, in 1895, became head of 
the department, a position which he occupied until the time 
of his death on the 2d of March last. Throughout his con- 
nection with the survey his reports were always of a high order, 
bearing evidence of his striking powers of observation 
and deduction. Though thoroughly scientific they always took 
account of the practical and econc«nic side of geology, and ac- 
cordingly commanded the attention and confidence of mining 
capitalists, mine managers and others interested in the devel- 
opment of the mineral resources of the countrv. When in the 
field, geology was, of course, the principal object of his in- 
vestigations, but his wide knowledge of collateral sciences en- 
abled him not merely to collect objects of natural historv in 
an intelligent and discriminating way, and to discuss the flora 
^nd faunas of different districts, but also to make important 
observations on the habits and languages of Indian tribes, to 
keep continuous meteorological records and to determine lat- 
itudes and longitudes. We accordingly find that his reports 
generally conclude with a series of most valuable appendices, 
giving special information which could not well be included in 
the body of the document. 

In an elaborate notice of his report on the Queen Charlotte 
islands, published in Petermann's Mittheilungen (Vol. 2y, 
1881), the writer after calling attention to the fact that the 
report dealt not merely with the geology of the islands, but 
also with their topography, natural history, climate and eth- 
nolog\% says : **One is amazed at the rich results which he 
brought back in all these branches, especially as he had only 
one assistant, Mr. Rankine Dawson, and remained in the 
islands only two and a half months, from the 12th of June to 
the end of August, and that in most unfavourably wet weather.'* 

In addition to his field-books proper he generally kept copi- 
ous journals which contain much interesting information. He 
had a habit, too, of jotting down notes and sometimes verses 
on scraps of paper or on the backs of telegraph forms. In the 
wilds of British Columbia, for example, he writes : 
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"Contorted beds, of unknown age, 

My weary limbs shall bear, 
Perchance a neat synclinal fold 

At night shall be my lair. 
Dips I shall take on unnamed streams, 

Or, where the rocks strike, follow 
Along the crested mountain ridge, 

Or anticlinal hollow ; 
Or gently with the hammer stroke 

The slumbering petrifaction, 
That for a hundred million years 

Has been debarred from action. 

We can fancy him, too, sitting by his lonely camp fire on 
the shores of the Pacific and penning the following lines : 

"To rest on fragrant cedar boughs 

Close by the western ocean's rim, 
While in the tops of giant pines 

The live-long night the sea-winds hymn, 
And low upon the fretted shore 

The waves beat out the evermore." 

Dr. Dawson's gological work was carried on chiefly in the 
region of the great prairies of the North West and British Co- 
lumbia, but he was thoroughly informed as to the geology of 
all parts of the Dominion. In the North West he paid particular 
attention to the relations of the Cretaceous and Laramie for- 
mations ; and he discovered the presence in the Cretaceous of 
southern Alberta of an important series of rocks — the Belly 
River group — which, he says, "must be considered on the whole 
as a fresh-water formation. The Kootanie group was also recog- 
nized by him as constituting a portion of the early Creta- 
ceous in the Rocky Mountain region. His study of a large 
area in the interior plateau region of British Columbia estab- 
lished the existence there of a great series of mica-schists and 
gneisses supposed to be of Archaean age and succeeded by 
Cambrian, Ordovician, Silurian and Carboniferous strata; 
while in the Cordilleran region of the same province he de- 
scribed the occurrence of great deposits of contemporaneous 
volcanic rocks, in various stages of metamorphism. While 
working in connection with the Boundary Commission also, he 
studied the crystalline rocks in the Lake of the Woods district, 
and concluded that a considerable portion of the Huronian 
formation there consists of metamorphosed volcanic rocks. 
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He was a careful student of g-lacial phenomena and accord- 
ing to Dr. G. J. Hinde,* was the first to describe the glacial 
origin of the Missouri Coteau, and in the interior of British 
Columbia he has shown that at one j>eriod of the Ice age there 
was a confluent ice-mass, the surface of which stood at a level 
of 7,000 feet above the sea, and that it must have been at least 
from 2,000 to 3,000 feet in thickness. He has further estab- 
lished the fact that the movements of the glacier ice in this 
region were not only to the south and south-east, and through 
the transverse valley and gaps of the Coast ranges to the ocean, 
but that it had also a northerly flow, and passed down the val- 
leys of the Pelly and Lewes branches of the Yukon river. Dr. 
Dawson also maintained that the northern part of the great 
plains had been submerged, and that their glaciation was in 
the main due to floating ice. 

With regard to his ethnological work we cannot do better 
than quote from Mr. W. J. McGee's recent appreciative no- 
tice in the American Anthropologist. Mr. McGce says: 
"While several of Dr. Dawson's titles and the prefatory re- 
marks in some of his papers imoly that his ethnological re- 
searches were subsidiary to his geologic work, and while his 
busy life never aflForded opportunity for monographic treat- 
ment of Canada's aborigines, it is nevertheless true that he 
made original observations and records of standard value, that 
much of his work is still unique, and that his contributions, 
both j>ersonal and indirect, materially enlarged knowledge of 
our native tribes. It is well within bounds to say, that in ad- 
dition to his other gifts to knowledge, George M. Dawson was 
one of Canada's foremost contributors to ethnology, and one 
of that handful of original observers whose work affords 
the foundation for scientific knowledge of the North American 
natives." 

Dawson's most notable contribution to ethnology was un- 
doubtedly his memoir on the Haida Indians of the Queen Char- 
lotte islands, but he also published ''Notes on the Indian 
Tribes of the Yukon District and Adjacent Northern Portion 
of British Columbia," a valuable memoir entitled ''Notes and 
Observations of the Kwakiool People of Vancouver Island," 
"Notes on the Shuswap People of British Columbia," and 
other papers. 

'Geological Magazine, May, 1897. 
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When, in 1884, the British Association appointed a commit- 
tee to study the physical characters, languages and social con- 
ditions of the northwestern tribes of Canada, Dr. Dawson was 
made a member, and it devolved upon him to organize and 
administer the work of the committee. The work was car- 
ried on for years with much success and small money expendi- 
ture, and when, in 1896, an Ethnological Survey of Canada 
was instituted, Dawson was chosen as the head of the survey 
committee. 

Not the least of his services to his country were those in 
connection with the Behring sea arbitration. He was one of 
the commissioners and was sent by the British government to 
the north Pacific ocean to inquire into the conditions of seal 
life there. Subsequently, his evidence and forcible arguments 
undoubtedly secured for the British side of the case a much 
more favourable finding than would otherwise have been ob- 
tained. Lord Alverstone (now Lord Chief Justice of Eng- 
land) writing of him in this connection, says: "It is not possi- 
ble to overrate the services which Dr. Dawson rendered us 
in the Behring sea arbitration. I consulted him throughout 
on many questions of difficulty and never found his judg^ient 
to fail, and he was one of the most unselfish and charming char- 
acters that I ever met. I consider it a great pleasure to have 
known him." In recognition of his services on the arbitra- 
tion, Dr. Dawson was made a companion of the Order of St. 
Michael and St. George (C. M. G.). 

He received the degree of D. Sc. from Princeton in 1877, 
and that of LL.D. from Queen's University in 1890, 
from McGill L^niversity in 1891, and from Toronto 
University some years later. In 1891 he was award- 
ed the Bigsby gold medal by the Geological Society for 
his services in the cause of geology, and was also elected a 
Fellow of the Royal Society. In 1893 ^^^ ^^'^^ elected president 
of the Royal Society of Canada, and in 1897 was president of 
the geological section of the British Association for the Ad- 
vancement of Science at the Toronto meeting. In 1897 he 
was awarded the gold medal of the Royal Geographical Society. 
Last year he was president of the Geological Society of Amer- 
ica, and gave his retiring address at the Albany meeting in De- 
cember, choosing as his subject "The Geological Record of the 
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Rocky Mountain Region in Canada." This address was pub- 
lished as a bulletin of the Geological Society of America, and 
will be prized as giving a summing up of his latest views on 
some of the problems connected with the complex geology of 
the west. Many other distinctions, which cannot be enumer- 
ated here, fell to his lot, and he had won for himself the esteem 
and confidence of his fellow-countrymen in all parts of the 
Dominion. Nowhere was he more beloved than in British 
Columbia — the province in which he had done so much of his 
best work, and in which, he sometimes said to the writer, he 
would like to spend his last days. 

After the Toronto meeting of the British Association in 
1897, he accompanied a party of the members on a trip across 
the continent, and all were struck with the warmth of the wel- 
come everywhere accorded to him. "Among the many distin- 
guished visitors," writes the Victoria Colonist, "by whose pres- 
ence Victoria has been honored during th-e past few days, none 
holds a higher or more deserved place in the esteem of Can- 
adians than Georg-e M. Dawson. In one sense he is the dis- 
coverer of Canada, for the Geological Survey, of which he has 
l>een the chief, has done more than all other agencies combined 
to make the potentialities of the Dominion known to the world. 
He has been engaged in the work so long that he can look back 
over it with the profound satisfaction which comes from the 
knowledge that his judgment on points of extreme interest 
and value has been justified by events. The development of 
Kootenay, the hydraulic mines of Cariboo, and the gold mines 
in the Yukon are all foretold in the interesting pages of Dr. 
Dawson*s earlier reports. Therefore, when we find in the 
voluminous products of his pen, wherein the results of his obser- 
vations are recorded, anticipations of great mineral develop- 
ment in parts of the province that are as yet unexplored, we 
feel almost as if such development were guaranteed. A care- 
ful observer, a conservative reasoner, a skilful writer, Canada 
possesses in Dr. Dawson a public servant the value of whose 
services can never be over-estimated. His name carries au- 
thority with it on any subject on which he speaks. That a long 
-career may be before him is the hope of all, for we all know 
hew much that means to the Dominion." 

Dr. Dawson was a ready and prolific writer and a brilliant 
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conversationalist. His quiet humour was infectious, and any 
dinner party which numbered him among the guests was sure 
to be a merry one. H-e seemed to have an inexhaustible fund 
of information, not merely about his own special lines of work, 
but covering the widest range of subjects. The marvel was 
how in his busy life he had acquired so much and such varied 
knowledge. For one of apparently delicate constitution his 
powers of enduring prolonged physical exerticwi were as re- 
markable as his capacity for continuous mental activity. He 
was at work at his office until two days before his death, the 
immediate cause of which was capillary bronchitis. The secret 
of Dr. Dawson's widespread popularity, no doubt, lay in his 
downright unselfishness and in his sunny and sympathetic na- 
ture. • B. J. H. 
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THE PLEISTOCENE PROBLEM OF THE NORTH 
ATLANTIC COSTAL PLAIN.* 

By Geobgb Burbank Shattuck, Baltimore, Md. 

In that portion of the Atlantic Coastal Plain which lies be- 
tween the Raritan and Potomac rivers there is a mantle of 
loam, sand and gravel covering most of the earlier deposits of 
the lowlcind and lapping well uo on the Piedmont Plateau, 
'ihis veneer of unconsolidated deposits has long attracted the 
attention of explorers and various opinions regarding its rela- 
tions and structure have been entertained. The attention of 
the earlier geologists was largely taken up in unravelling the 
history of the more attractive crystalline and fossil-bearing 
rocks, and in problems connected most intimately with glacia- 
tion, and it was not until Mr. W. J. McGee, formerly of the 
United States Geological Survey, undertook the study of these 
suoerficial deposits that their true relations began to appear. 
The conclusions on this. subject which Mr. McGee has pub- 
lished from time to time during a period of fourteen years may 
be briefly summarized as follows : 

VIEWS OF MR. W. J. M'gEE. 

The Lafayette, which is a series of orange-colored loams, 
sands and gravels, extends up, according to Mr. McGee, from 
the south and occupies the divides and higher portions of the 
Coastal Plain of Virginia as far north as Fredericksburg. Dis- 
tinct from these deposits both in origin and age, is another 
series of loaras, sands and gravels designated by him as the 
Columbia formation, which fill the valleys of the present 
streams and mantle the divides between them. This formation 
is divisible into two phases, fluvial and inter-fluvial. The 
fluvial phase is composed of deltas which were deposited under 
water, by those streams in whose valleys they now lie, when the 
land stood lower than it does today. The inter-fluvial phase is 
found on the divides and is a littoral deposit made by the 
waves which beat against the coast at the same time the rivers 
were building their deltas. The two phases are therefore con- 
temporaneous and grade over into one anotlier. The fluvial 
phase exhibits a distinct bi-partite division. The upper mem- 
ber consists of a brick-clay and loam, and the lower member is 

•From the Johns Hopkins Circulars^ No. 152, May, 1901. 
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composed of sand, gravel and huge boulders. The material as 
a whole, is coarser near the mouths of the gorges where the 
rivers leave the Piedmont Plateau to pass into the Coastal Plain 
than it is in the more remote portions of the delta. The inter- 
fluvial phase possesses no such regularity of bedding, but is 
indiscriminately composed of clay, sand and gravel largely of 
local origin. These delta deposits may be identified in all the 
principle rivers of the Middle Atlantic slope and are particu- 
larly well develooed. in the valleys of the Potomac, Susque- 
hanna and Delaware. Due to the presence of these huge boul- 
ders, which were evidently ice-bom and indicate a climate much 
colder than exists today in the same region, as well as to the 
fact that the Columbia, when traced northward, is found to 
pass under the terminal moraine, it was concluded that it was 
Quartenar>' in age and belonged to the earlier glacial advance. 
These beds, since their deposition, have been raised and tilted 
so that they now lie higher in the regions to the north than they 
do further south. Their present elevation was found to be 
about 500 feet on the upper Susquehanna and 245 feet at its 
mouth; 400 feet on the upper Delaware; 145 feet on the Poto- 
mac ; 125 feet on the Rappahannock ; 100 feet on the James and 
75 feet on the Roanoke. 

Mr. McGee also noted certain well-defined terraces which 
were distributed over the entire region, and spoke of them as 
follows :* 

"There is a practically continuous series of terraces and 
beach marks along the fall line from the Roai^oke to the term- 
inal moraine — a series of shore lines as distinctive and unmis- 
takable as those circumscribing the valleys of the extinct lakes 
of the Great Basin, of India, of northern Arabia, or of the par- 
tially ice-bound basins of Minnesota, Michigan, Ohio and New 
York, though they are generally more profoundly modified by 
erosion, and are frequently concealed by forests. These shore 
lines embody an easily interpreted record of geologic vicissitude 
which coincides in every detail with that of the Columbia de- 
posits. They are sometimes carved out of the sub-terrane but 
are generally built of the loam, sand and gravel of which the 
Columbia formation consists, and are evidently coeval there- 
with. Now it is evident that these terraces are water fash- 



*Amer.Jour. Set., Vol. 35, 1888, pp. 387-388. 
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ioned; but they are not fluvial. * * * The forces con- 
cerned in the formation of the Middle Atlantic slope terraces 
acted horizontally over great distances and with uniform en- 
ergy for a considerable period, filling depressions, softening 
contours, aad obliterating relief, yet so gently that essential 
homogeneity of deposit in the horizontal direction and essen- 
tial uniformity in surface prevails for miles. Only the imdu- 
latory and horizontally acting force of waves appears compe- 
tent to produce ^o great expanses of uniform surface and con- 
stant structure as are exhibited in this region." 

A summary of Mr. McGee's views regarding the various 
land movements as expressed by the present state of the La- 
fayette and Columbia deposits is as follows : 

Post-Chesapeake, elevation and erosion. 

Lafayette (Pliocene?) depression and deposition. 

Post-Lafayette, elevation and erosion of at least 500 

feet : present topography defined. 

Early Columbia (Pleistocene), depression of about 200 feet and de- 
position. 

Post-Early Columbia elevation and erosion. 

Later Columbia, depression of about 100 feet and de- 
position. 

Post-Later Columbia, elevation and erosion. 

Present, depression and deposition. 

At the New York meeting of the American Association for 
the Advancement of Science during the summer of 1900, Mr. 
McGee took occasion to refer to certain relations of the gravels 
as developed in the vicinity of Washington. After reviewing 
briefly the various deposits which occur in that region, he is 
reported by Mr. J. \. Holmes as making the following state- 
ment.* 

"In a few localities, especially in the deep cutting in the 
200-foot terrace at the end of Sixteenth street, deposits have 
been observed which fail to fit into this series. This cutting 
reveals, unconformably beneath the Earlier Columbia and un- 
conformably above the Potomac, a heavy deposit of loam and 
gravel of a structure, composition, texture and material sim- 
ulating the Earlier Columbia formation in its normal aspect, 
save that the materials are more extensively disintegrated and 
decomposed. The resemblance of the deposit to the Earlier 
Columbia is such that it might readily be classed with that 

*Science, n. s., Vol. xii, 1900, pp. 990-991. 
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formation if found isolated ; but in the Sixteenth street expos- 
ure the two deposits are juxtaposed and separated by a well- 
defined unconformity — i, c., the stratigraphy shows that the de- 
posit in question is materially older than the Earlier Columbia. 
On comparing the deposit with the Lafayette, as displayed in 
the nearest exposures of that formation on the west, north and 
east, it is found to be so different in materials and structure as 
to demand separation on litholc^c grounds ; moreover, the de- 
posit is confined to a depression, or amphitheatre, which did 
not exist at the time of Lafayette deposition, but was pro- 
duced during the period of rapid degradation accompanying the 
post-Lafayette uplift ; so that it must be discriminated from 
the Lafayette on the basis of homogeny as well as on that of 
lithology. The interpretation of the deposit is simple : it is ev- 
idently a record of an oscillation during the post-Lafayette and 
pre-Columbia time, which was not of such amplitude and length 
as to inscribe itself deeply in the local series of formations and 
land-forms. On seeking to correlate the deposit with other ele- 
ments in the coastal-plain series, difficulty is encountered ; no 
corresponding dep)osits are known either southward or eastward 
in Virginia and Maryland ; the nearest known deposits of cor- 
responding character and position are a part of those found in 
southern New Jersey, and first grouped by Salisbury under 
the designation Pensauken, but afterward divided." 

Pressure of other duties prevented Mr. McCiee from con- 
tinuing the investigations which he had so happily commenced, 
and Mr. N. H. Darton, of the LInited States Geological Survey, 
took and carried forward the work where Mr. McGee left it. 

VIEWS OF MR. N. H. DARTON. 

According to Mr. Darton, the Lafayette formation does not 
end at Fredericksburg, but in disconnected areas, crosses Mary- 
land, Delaware and Pennsylvania, into New Jersey. In this 
connection he said :* **The northern termination of the deposits 
was supposed to be near Potomac creek, a few miles north of 
Fredericksburg ; but I have found that while there is a break in 
its continuity in the region east of the Potomac river, it soon be- 
gins again and thence continues northward probably through 
Maryland, and in attenuated scattered outcrops, through Dela- 
ware and into Pennsylvania and New Jersey. It is displayed 
in the high terraces about Washington, and it caps nearly all 
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the higher terrace levels of the ''western shore" of Maryland 
northward to the latitude of Baltimore. Still farther north- 
ward it is confined to outliers on the divides along the western 
margin of the coastal-plain region; but at the head of Chesa- 
peake bay it extends farther eastward and, in the high Elk 
ridge, caps the Cretaceous and Potomac formations over a con- 
siderable area." 

The Lafayette was also described as continuing down the 
peninsulas of the Coastal Plain. f In this connection he said: 
"I have found that the formation extends eastward down the 
coastal plain peninsulas nearly to Chesapeake bay. These pen- 
insulas consist of remnants of an elevated plain, occupied by a 
sheet of Lafayette formation, and originally continuous over 
the entire coastal plain. This plain is inclined gently east- 
ward, its altitude decreasing from 500 feet in the Piedmont re- 
gion, to from 60 to 80 feet in the vicinity of Chesapeake bay, 
where it is terminated by an abrupt descent to the low Pleisto- 
cene terrace bordering the bay to a width of several miles." 

The Columbia of Mr. McGee is found by Mr. Darton to be 
divisible into an earlier and a later member, which are devel- 
oped in well-defined terraces, the former lying nonnally above 
the latter. The land surfaces upon which the Lafayette and 
Columbia terraces were deposited has been raised and tilted at 
various times in such a manner that only in that part of the 
Coastal Plain which lies near the Piedmont was the normal 
sequence present, while in that portion bordering on Chesa- 
peake bay the normal sequence was reversed. This state of 
things was brought about in the following way : At the close of 
the Lafayette deposition, the surface on which that formation 
rested was raised and tilted so as to slop>e eastward toward the 
sea, and after suffering considerable erosion, it was depressed 
in such a manner that its eastern portion was submerged while 
its western margin bordering the Piedmont Plateau remained 
above water. In the estuaries thus formed and along the coast, 
the earlier Columbia formation was then deposited. This for- 
mation, therefore, built up a terrace below that of the Lafayette 
in the heads of the estuaries near the Piedmont, but covered 
up the Lafayette surface where it was submerged to the east. 
While the deposition of the earlier Columbia was still in prog- 

•Bu//. Geol. Soc. Amer., Vol. ii, 1891, p. 445. 
fAmer. Geol., Vol. ix, 1891, p. 181. 
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ress, the Coastal Plain again tilted so as to bring that portion 
of it lying to the northeast and against the Piedmont above 
water, while the southeastern portion was still further de- 
pressed. The later Columbia was in its turn deposited in the 
estuaries beneath the earlier Columbia where the latter had 
been elevated, and above it where it had been depressed. Con- 
sequently the three fonnations near the Piedmont were de- 
veloped in separate terraces lying one above the other, the La- 
fayette at the top, with the earlier Columbia in the middle and 
the later Columbia at the bottom, while in the eastern sub- 
merged portion the formations were not developed in terraces, 
but in a continual series, with an erosive break between the La- 
fayette and the earlier Columbia. In this region the sequence 
ran, beginning at the top, later Columbia, earlier Columbia, and 
Lafavette. 

Mr. Darton has published a number of geologic maps from 
time to time in which these relations are depicted. In an early 
map of the Washington region, he included only two formations 
of gravel, the Lafayette and Columbia, but in a later and re- 
vised edition, which is now in the press, and which he has been 
kind enough to show me, three formations of gravel are por- 
trayed, the earlier and later Columbia and Lafayette, developed 
in distinct terraces, lying one above the other as described. 
The Nomini and Fredericksburg folios of the Geologic Atlas 
of the United States convey his ideas regarding the sequence 
of gravel in portions of southern Maryland and eastern Vir- 
ginia. In these publications he distinguishes two gravels ly- 
ing in distant terraces, the Lafayette above, covering the di- 
vides, and the Columbia beneath, occupying the valleys. 

VIEWS OF TROrKSSOR R. I). SALTSRl'RV. 

Professor R. D. Salisbury commenced his work on the de- 
tailed survey of the Pliestoccne deposits of the Coastal Plain of 
New Jersey in the summer of 1891. In his first report* he 
mentions a number of peculiar deposits bearing glaciated bould- 
ers which he states were somewhat like till in character. The 
following is quoted from the Report of the State Geologist of 
l\ew Jersey for 1891, page 107: 

**Drift, closely resembling till and containing striated rock 
material, occurs on the west side of the Delaware, near Falls- 

• Annual Report of the State Geologist of Sew Jersey for 1891. 



North Atlantic Pleistocene Problem — Shattuck, 93 

ington, three or four miles southwest of Trenton * * * 
the writer found similar deposits at Bridgeport, Pa., opposite 
Norristown, still further south. * * * Glaciated boulder- 
ets were here taken from clay of such character that, were the 
locality known to have been covered bv ice, its reference to till 
would be fully warranted. Bridgeport is about 50 miles south 
of the terminal moraine. . 

'*It is not intended to convey the impression that every re- 
gion where glaciated stone may be found was necessarily once 
covered by glacier ice. The possibility of transportation of 
glaciated material beyond the edge of the ice by water, is dis- 
tinctly recognized. But it is not believed that water alone, or 
water-bearing glacially-derived bergs could produce all the 
results which are here recorded. Neither the structure of the 
extra-morainic drift, nor its physical make-up, nor its geo- 
graphic or topographic distribution, is consistent with such a 
hypothesis. 

''At several points in New Jersey south of all the localities 
thus far mentioned within the state, there are topographic feat- 
ures which are easy of explanation if ice once extended to the 
region where they occur, but which seem to be very difficult of 
explanation on any other hypothesis. The features here re- 
ferred to characterize the region from Washington, Middlesex 
county, southwest to Fresh ponds and beyond, and also the 
region east of Trenton, from White Horse to Hamilton square. 
The topography in these regions is very much like that of a sub- 
dued terminal moraine.'' 

In his report for 1892, professor Salisbury discusses at 
some length the character and origin of the Trenton gravel ; he 
shows very plainly that it was a valley train deposited by the 
Delaware river from materials washed from the glaciated re- 
gions, and states that it was deposited "during that stage of 
glaciation when the ice edge stood near l)elviderc.'' He then 
discusses the Yellow Gravel formation of professor Cook and 
shows that it recorded a most complex history. His con- 
clusions may be summarized as follows : 

First. "The time of deposition of the original yellow grav- 
el." This covers the ])eri()d when the country was suflFiciently 
low to allow the gravel to accumulate on hills which are now 
nearly 400 feet high, at least south of Matawan. Age pre- 
Pleistocene. . 



94 The American Geologist. August, looi 

Second. "An epoch of elevation and extensive erosion. 
This covers a period when the yellow gravel was raised and the 
land surface greatly eroded. 

Third. "An epoch of depression." This embraces a period 
when central and southern New Jersey was 150 feet lower than 
now. This depression is correlated with the first glacial epoch 
and is also tentatively correlated with the Columbia. 

Fourth. "An epoch of elevation and erosion.'* During 
this time the land was raised to a greater hight than before and 
the streams cut deeper valleys than during the early epoch of 
elevation. 

Fifth. "An epoch of slight depression.'' Correlated tenta- 
tively with the last glacial epoch and also was the period when 
communication was established between Raritan bay and 
Trenton. 

Sixth. "Subsequent elevation." An elevation of 40 to 60 
feet followed by the present subsidence. 

Professor Salisbury in his report for 1893 divides the yel- 
low gravel for the first time into four well-defined periods : the 
first and the oldest he calls the Beacon Hill : the second, Pen- 
sauken ; the third, Jamesburg ; and the fourth is left unnamed, 
but later, in a subsequent publication, is called Cape May. 

The Beacon Hill formation appears to be Miocene, and 
therefore, will not enter further into our discussion of the 
gravels. 

According to professor Salisbury, the Pensauken was de- 
posited in valleys cut out during the post-Beacon Hill elevation. 
It is considered to be an aqueous foniiation, and its distribution 
indicates that the land was submerged 200 feet during its depo- 
sition. One of the chief diagnostic features of this formation 
is the presence of decomposed boulders of gneissic and granitic 
material found imbedded in its mass. The formation ranges 
in elevation from 200 feet at Perrineville to 80-00 feet south of 
Palmyra. The elevation is also regarded as being more in the 
region of Beacon Hill than elsewhere. At South Amboy its 
presence is indicated at an elevation of 147 feet. 

The name of the formation is derived from Pensauken 
creek, but the statement is made that the formation is most 
characteristic near South Amboy, and that the latter locality 
would have been chosen to typify the formation were it not for 
its association with the plastic clays. 
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In the report for 1894 professor Salisbury points out that a 
submerged trough formerly existed in central New Jersey ex- 
tending from Raritan bay to Delaware bay, allowing a com- 
munication between these two bodies of water and separating 
southeastern New Jersey from the mainland as an island. In 
this trough were deposited the Pensauken and Jamesburg for- 
mations and the Trenton gravel. Various elevations of the 
Pensauken are also mentioned in this report. The most noted 
differences in elevations are the following: at Fish House, the 
elevation of the Pensauken is stated as 15 feet where it lies im- 
mediately under the Fish House clays, the latter being regard- 
ed here as post- Pensauken. Nine miles southeast of Fish 
House, the base of the Pensauken is at an altitude of 150 feet, 
thus making a rise of 15 feet per mile. Professor Salisbury 
also reaffirmed the defonnation of the Pensauken surface since 
its deposition. The age of the Pensauken is ascribed to the 
Lafayette in the following terms : ''There can no longer be any 
lloubt that the Pensauken is the equivalent of the Lafayette for- 
mation of the south. This conclusion was reached tentatively 
more than a vear since." 

In the report for 1895 professor Salisbury points out that 
the base of the Pensauken fonnation dips to the southeast in 
harmony with the Miocene and also inclines toward Delaware 
river. He also somewhat doubtfully refers the Fish House 
clays to the Pensauken. The Pensauken formation in the 
trough extending from Raritan bay to the Delaware river, as 
well as the Pensauken formation southward along the south- 
eastern bank of the Delaware are here mapped. On this map a 
large body of gravel found south of a line extending from Phil- 
adelphia to Atlantic City is represented as IVMisaukcn. and so 
stated in the report. A number of sections arc i^iven to make 
clear his conception, in which the profile distinctly shows a 
marked difference in the elevation of the IVMisanken from its 
lowest position near the Delaware river to its highest altitude 
in the vicinty of Glassboro and neighboring ])oints. To ac- 
count for this to])ographic difference a number of hy])()theses 
are suggested, such as monoclinal folding, faulting, or ])()ssibly a 
bifold division of theTVnsauken formation. In this connection he 
says: *']^>om sections 2, 3 and 5 it would ap])ear that the Pen- 
sauken might be a bifold formation," Ihit he still regarded 
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the whole as Pensauken, for he further says : "Indeed, on any 
interpretation, the original continuity of the Pensauken across 
this belt seems certain, for occasional small remnants of it are 
still found." 

In the report for 1896, professor Salisbury no longer re- 
gards the Pensauken as being equivalent to the Lafayette, but 
places it in early glacial time. On the Mt. Pleasant hills he 
states the Pensauken formation probably lies as high as 178 
feet, and suggests that these gravels may be a landward deposit 
of Pensauken streams. 

He also places in the Beacon Hill formation the topograph- 
ically higher member of those gravels found in the vicinity of 
Glassboro which, in the previous year, he had regarded as Pen- 
sauken. He also publishes a map and a section where this 
change in classification is recorded. The southward dip of the 
Pensauken is reaffirmed and the statement is made that the base 
of the Pensauken formation at times extends down below tide. 

In the report for 1897, professor Salisbury publishes a map 
in which he again changes his classification in southern New 
Jersey. The high gravels occurring in the vicinity of Glassboro, 
which he had first mapped in 1895 as Pensauken, and later in 
1896, as Beacon Hill, he now places in three distinct fonnations, 
namely : Miocene, Beacon Hill, and Bridgeton ; the Beacon Hill 
being younger than the Miocene, and the Bridgeton younger 
than the Beacon Hill but older than the Pensauken. In this 
connection he says : "The diflferentiation of the Bridgeton for- 
mation has been long in mind, though data for its sharp de- 
finition have been wanting. Even now they cannot be said to 
be altogether satisfactor>^ In some places the fonnation seems 
not to be clearly separable from the Beacon Hill formation 
which preceded, while in others it is not easily distinguished 
from the Pensauken which follows. In other places, on the 
other hand, it is distinctly separable from the Pensauken, and in 
still others from the Beacon Hill. The only question, there- 
fore, concerns the integrity of the fonnation as a whole, and 
the data at hand do not demonstrate that that part of the forma- 
tion which seems to be closelv allied to the Beacon Hill forma- 
tion is not really a part of that formation, and that that 
part which is with difficulty separated from the Pen- 
sauken, is not really Pensauken. On the other hand, 
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these two parts, the one of which seems to have affinities with 
the Beacon Hill formation and the other with the Pensauken, 
seem to belong together. * * * * 

"In general it (Bridgeton) may be said to contain any sort 
of material which the Beacon Hill formation contains, and some 
which it does not. It is therefore most clearly separated from 
the next older formation by its constitution. But occasionally 
its constitution closely approaches that of the Beacon Hill for- 
mation, and where its topographic relations are at the same 
time indecisive, its differentiation is uncertain. 

"From the Pensauken, on the other hand, it is most clearly 
separated on topographic grounds, especially in the western 
part of the state. Here the Bridgeton beds lie at a level dis- 
tinctly above that of the Pensauken beds, the latter being re- 
stricted to the low area west of the Miocene escarpment. The 
topographic relation of the formations indicates a long interval 
of erosion between their deposition. * * * * 

"Some idea of the former extent of the Bridgeton beds may 
be gained if all existing remnants of it be conceived to be ex- 
tended until they merge into one another, bridging the areas in- 
tervening between the existing remnants. It is believed that 
the formation extended much less far north than that which 
preceded, though the original limits are probably not determin- 
able. 

"It is altogether possible that some of the areas mapped as 
Bridgeton, west of the New Jersey Southern railway, may 
prove to be Beacon Hill instead, and that some of the areas east 
of that line may prove to be Pensauken. The distinction in the 
latter area is based almost whollv on topographic grounds.'* He 
again mentions a tilting of the Pensauken formation and cor- 
relates the Pensauken with Kansan or Albertan. 

A Pleistocene fonnation much discussed by professor Salis- 
bury in New Jersey is the Jamesburg. 

His conclusions regarding the Jamesburg formation may be 
briefly stated as follows: In the report of 1893, it appears that 
the Jamesburg was deposited on the eroded surface of the Pen- 
sauken. It is aquatic in origin, and the subsidence which made 
possible its deposition amounted to at least 130 feet. The name 
is derived from Jamesburg Junction, in Middlesex county. A 
difficultv is encountered, however, in the absence or obscure- 
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sea, when the 40- foot terrace was being formed, and therefore 
the up-stream portion of the 40- foot terrace. 

In 1897 the Cape May formation is definefl as developed in 
terraces running from 30 to 50 feet in hight. Tt is regarded as 
part glacial and perhaps in part younger. It is named from 
Cape May county, New Jersey, where it is typically developed 
and is regarded as including much of the low-level Jamesburg, 
and also much of the Trenton gravel. 

The high-level Jamesburg (High-Level Loam) is still rec- 
ognized, but the statement is made that it cannot be mapped. 
Professor Salisbury suggests that the high-level Jamesburg is 
a part of the Cape May formation, and represents a brief sub- 
sidence of the Coastal Plain of that region, amounting to 200 
feet or more, at the close of the last glacial period. He also 
states that the formation is very hard to distinguish and difficult 
to be sure of. 

A later view was expressed by professor Salisbury on De- 
cember 28, 1900, when in the course of official correspondence 
with the Maryland (icological Survey, he said : ''You will no- 
tice that in the later reports I have not used the word James- 
burg * * * I iiow regard it as a phase of the Cape May 
fonnation." 

VIEWS OF THK WRITER. 

For a number of field seasons, the author of this paper has 
been engaged in the investigation of the surficial deposits of 
Maryland. Reconnoissance work has been extended over the 
entire Coastal l^lain, and a number of counties have been al- 
ready ma])i)e(l in detail. In ])ursuing these investigations, he 
has made free use of the methods of homogeny, and the corre- 
lation of the deix)sits thus established has necessitated not onlv 
the introduction of some changes in the classification and inter- 
pretations as suggested by Mr. Darton, but also has shown that 
the classification adopted by Prof. Salisbury for the New Jer- 
sey area is in no measure applicable to Maryland. 

The key to the solution of the relations existing between the 
surficial dejx)sits of Maryland lies almost exclusively, according 
to the author, in a correct correlation of the various terraces in 
which they are developed throughout the Coastal Plain. In 
Maryland, five principal terraces are distinguished, lying one 
above the other, the oldest occupying the highest and the 
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youngest, the lowest portions of the region. Beginning with 
the oldest and enumerating them in succession, we have what 
the author has designated as the Lafayette, Sunderland, Wi- 
comico, Talbot and Recent. The Recent terrace is the one 
which the present sea is building. 

A correct understanding of the physiographic features of 
the terraces may be obtained by studying the manner in which 
this recent terrace is forming. At the present time the waves 
of the Atlantic ocean and Chesapeake bay are engaged in tear- 
ing away the land along their margins and in depositing it on a 
sub-aqueous platform or terrace. This terrace is everywhere 
present in a more or less perfect state of development, and may 
be found not only along the exposed shore, but also passing up 
the estuaries to their heads. The materials which compose it 
are extremely variable, depending not only on the detritus di- 
rectly surrendered to the sea by the land, but also on the cur- 
rents which sweep along the shore. Along an unbroken coast, 
then, the material has largely a local character, while near river 
mouths the terraces are composed of debris contributed from 
the entire river basin. Where the waves are weak, partially 
decayed material is torn from the bank and re-deposited prac- 
tically unharmed on the surface of the terrace, and continues, 
unchecked, its process of decay. 

In addition to building a terrace, the waves of the Atlantic 
and Chesapeake are cutting a sea cliff along their coast line, the 
hight of this cliff depending not so much on che force of the 
breakers as on the relief of the land against which the waves 
beat. A low coast line yields a low sea cliff and a high coast 
line the reverse, and the one passes into the other as often and 
as suddenly as the topography changes, so that as one sails 
along the shore of the Chesapeake, high cliffs and low depres- 
sions are passed in succession. The wave-built terrace and the 
wave-cut cliff then are constant features along the entire ex- 
tent of the bay shore, and should be sought for whenever other 
terrace surfaces are investigated. 

In addition to these features, bars, spits and other forma- 
tions of this character are frequently met with. Were the pres- 
ent coast line to be elevated, the sub-aqueous platform which 
is now building would appear as a well-defined terrace of vari- 
able width with a surface gently sloping toward the water. This 
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surface would fringe the entire Atlantic and bay shore as well 
as that of the estuaries. The sea cliff would at first be sharp 
and easily distinguished, but as ages passed the less conspicu- 
ous portions would gradually yield to the leveling influences 
of erosion, such as soil creep, plant roots, cultivation etc., and 
might finally disappear altogether. Erosion would also destroy 
in a large measure the continuity of the formation, but as long 
as portions of it remained the old surface could be reconstruct- 
ed and the history of its origin determined. 

It was with these features well in mind that the author 
undertook the investigation of the surficial deposits in Mary- 
land, and it was found that they supplied the necessar}^ clue to 
their interpretation. Without entering into many detail? it 
may be briefly stated that the oldest terrace, the Lafayette, is 
found as outliers on the eastern edge of the Piedmont plateau 
from Washington across Maryland and Pennsylvania, to New 
Jersey. The elevation of these deposits varies from about 500 
feet behind Washington, as determined by Mr. Darton, to about 
300 or 400 feet in the vicinity of Philadelphia, where it has 
long been known as the Bryn Mawr gravel. Besides these 
outliers of the Lafayette on the Piedmont plateau, there are 
others on Elk Neck occupying a lower elevation, and still an- 
other and more extensive area on the Coastal Plain immedi- 
ately southeast of Washington. This area has already been 
reported by Mr. Darton, but it has been found after careful in- 
vestigation that in place of extending down the peninsula to 
the Chesapeake bay, it ends in an abrupt low scarp line, which 
may be seen in the vicinity of Charlotte Hall, in St. Marv's 
county, and at numerous other localities. No Lafayette is 
known to exist, however, on the peninsula at Calvert county. 
The elevation of the Lafayette at this scarp in southern Mary- 
land is about 270 feet. 

The next younger formation, the Sunderland, is extensively 
developed throughout Prince George's, Charles, St. Mary's and 
Calvert counties, and numerous outliers exist on other parts of 
the western shore from Herring Bay to Elkton, but the con- 
tinuity of the formation in this jx>rtion of the state has been 
destroyed. This formation is developed as an unmistakable 
terrace butting up against the Piedmont plateau or lapping 
around the edges of the Lafayette. The scarp line at Charlotte 
Hall is part of the ancient sea-cliff of the Sunderland sea. 
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The materials composing it are extremely diverse, and em- 
brace ice-borne boulders, gravel, sand and loam, which change 
their mutual distribution both verticallv and horizontallv, after 
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the manner of shore deposits. They arc frequently much al- 
.tered and decayed, and have been derived not only from for- 
mations occurring in the immediate vicinity, but also from those 
found far west in the mountains. In southern Maryland the 
base of the Sunderland terrace lies at about 90 feet, but rises 
gradually toward the northwest, until at Charlotte Hall the sur- 
face of the bench is found at 170 feet. The name of this for- 
mation is derived from the hamlet of Sunderland, situated on 
the divide, in Calvert county. 

After the deposition of this terrace, the country was raised 
and the Sunderland formation suffered greatly from erosion, 
but on the submergence of the region, the rivers which had 
found their way across its surface were transformed into 
estuaries, and the waves of the Wicomico sea beat on the ex- 
fK)sed shores of the Sunderland terrace, and in their turn cut 
cliffs along its margin. After sufficient time had elapsed to 
build up a wide terrace, the country was again elevated and 
subjected to erosion. 

What has just been said regarding the materials which enter 
into the Sunderland formation applies equally well to those 
composing the Wicomico terrace, except that it possesses per- 
haps a larger proportion of sand and loam derived from its sub- 
terrane. In southern Mar}'land the base lies at about 40 or 50 
feet, and the top, where it borders its ancient sea-cliff at about 
90 feet. Wicomico river in St. Mary's and Charles counties 
suggested the name for this formation. 

The Talbot formation is developed as a bench of variable 
width around the edges of the Wicomico terrace, and frequent- 
ly separated from it in many places by a low scarp line. Oc- 
casionally this scarp, which is the ancient sea-cliff of the Talbot 
sea, attains a hight of 30 to 40 feet, notably in Kent county, but 
on the other hand, there are localities where the scarp seems to 
be entirely lacking, and it is probable that in these places it has 
been destroyed, since its elevation in the manner described 
above. The Talbot formation was built up during a slight sub- 
sidence which followed the elevation and erosion of the Wi- 
comico terrace. Large areas of the Wicomico and Talbot for- 



I04 The American Geologist. August, i»oi 

mations have been mapped on the western shore, but it is on the 
eastern shore of Maryland that they attain their most extensive 
development. 

Anv sort of detritus which enters into the other terraces 
may be found in the Talbot, but it possesses a greater propor- 
tion of loam and a smaller proportion of decayed materials than 
is found in the other members of the series. It also contains 
numerous lenses of greenish-blue clay, which frequently carry 
plant remains and are regarded as swamp deposits, formed in 
the mouths of ponded streams, and buried by the advancing" 
beach of the Talbot sea. The famous Cornfield Harlx>r clavs, 
carrying remains of marine and brackish water animals, as well 
as similar deposits five miles south of Cedar Point, in the same 
county, are also referred to the Talbot formation. The base 
of the Talbot terrace is irregular, sometimes lying above tide 
and sometimes below, but the top, where it borders its sea-cliflf, 
is usually limited by the 45 or 50- foot contour. 

A large number of terraces are cut in the Wicomico-Talbot 
surfaces by the streams along whose borders they lie, and it 
was not until after many profiles from various and distant re- 
gions had been compared that the 45- foot contour was deter- 
mined to be the one which marked the shore of the l^albot sea. 
The name of this formation is derived from Talbot count v, on 
the eastern shore of ^Maryland. 

After the deposition of the Talbot terrace, the Coastal Plain 
was elevated somewhat higher than it is to<lay, and remained 
in that ]X)sition long enough to permit the rivers which flow-ed 
across it to cut rather deej) channels, and its present position 
indicates a subsidence sufficiently great to drown these rivers 
and many of their predecessors toward their seaward portions. 
The Recent terrace is today building along the shore, and 
cutting its sea-cliflf indiscriminately in the Talbot, Wicomico 
and Sunderland foniiations. 

From the preceding discussion it will be seen then that the 
classification adopted by the Maryland (Geologic Survey rec- 
ognizes four distinct mapable terraces in Maryland, in place of 
three as represented by Mr. Darton in the region of Washing- 
ton, and diflfers from him in ascribing the fomiation of the di- 
vides of the peninsulas of southern Maryland to a fonnation 
younger than that of the Lafayette. Although the Wicomico 
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surface rises gradually from an elevation of 90 feet in southern 
Maryland to about 140 feet behind Philadelphia, yet the distri- 
bution of the terraces does not seem to the author to indicate 
the compli(^ated tilting described by Mr. Dalton, but on the 
contrary points to the following course of events. Miocene 
elevation and erosion ; subsidence and the deposition of the La- 
fayette formation ; elevation and extensive erosion ; subsidence 
and deposition of the Sunderland terrace around the edges of 
the Lafayette : elevation and erosion : subsidence and deposition 
of the Wicomico terrace about the margin of the Sunderland ; 
elevation and erosion ; depression and deposition of the Talbot 
about the margin of the Wicomico; elevation and partial ero- 
sion of the Talbot ; subsidence and the deposition of the Recent 
terrace about the edges of the Talbot. 

It is interesting in looking at a map of these various ter- 
races to see how repeatedly the present estuaries have been 
transformed from rivers to fjords and back again to rivers, for 
one may trace the Sunderland, Wicomico and Talbot terraces 
up the valleys of all the principal streams to the Piedmont 
plateau. 

The unconfonnity which was described by Mr. McGee in the 
Sixteenth street cut, to which, reference was made earlier, is 
not regarded by the author as pointing to a period of elevation 
and a subaerial erosion, but simply as indicating a change of 
current or possibly freshet conditions and therefore in no way 
differing front the unconformities in a cross-bedded deposit ex- 
cept in the size of the materials moved. Both the restricted 
area in which this unconformity is found, as well as its position 
at the head of the old delta near the mouth of the Potomac 
gorge where the current must have been constantly changing, 
point to this conclusion. 

A comparison of the section ])roposed by the author with 
that formerly suggested by Mr. Darton is as follows : 

Darton. Shattuck. 

T , /- 1 I- )Tallx)t formation. \n \ u- 

Later Columbia /Wicomico *' ^Cohmibia 

Earlier Columbia Sunderland ** ) ^'''^^"P- 

Lafayette formation Lafayette 

After a careful study of the surficial deposits in Maryland 

an attempt was made to correlate them with the formations of 

New Jersey, belonging to the same period of deposition, as 

mapped and described by professor Salisbury. 
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An extended excursion was therefore made in New Jersey 
in the autumn of 1900, but satisfactory correlations were found 
impossible. The difficulty encountered did not arise from the 
lack of contemporaneous deposits but from the fundamentally 
diflferent classification adopted by the New Jersey Survey. 
The author found that with the exception of the Lafayette, the 
terraces were all present and as strikingly developed in New 
Jersey as in Maryland, and that they were distinguishable not 
only in the region of Bridgeton but across the entire Coastal 
Plain to South Amboy. The Maryland classification then, if 
applied to Delaware and New Jersey, would still indicate Tal- 
bot, Wicomico and Sunderland, each developed in a distinct 
terrace and bearing the same mutual relations which they do 
further south. 

The author was unable to detect any evidence of such a de- 
formation as that described for the Pensauken, but on the con- 
trary the levels at which the various terraces appear were found 
to agree very closely with those occurring in Maryland. 

It was further observed that wide areas composed of re- 
worked marl, falling within the Wicomico formation and build- 
ing part of its conspicuous terrace, were left unmapped, except 
where they developed a gravelly phase, when this material was 
entered as Pensauken. 

Whenever the Jamesburg formation was examined it was 
the belief of the author that the phenomena could be better ex- 
plained by hyix>thecating changes in the force and direction of 
the shore currents than by an appeal to a sudden subsidence of 
the entire region of more than 200 feet near the close of the 
Pleistocene, and as sudden an elevation afterward. The 
author, from his study of the region from the Potomac to the 
Raritan, is convinced that the Jamesburg materials described 
are present in each of the Pleistocene fonnations and evidently 
represent special physical conditions, not an independent for- 
mation. 

Without going into more details it is evident that the cor- 
relation which the author has employed in Maryland is funda- 
mentally different from that employed by professor Salisbury 
in New Jersey. A comparison of the two systems of classifica- 
tion would give the following results : 
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COMPARATIVE TABLE OF MARYLAND AND NEW JERSEY PLEISTO- 
CENE FORMATIONS. * 

Maryland Sections. New Jersey Sections. 

Talbot (lower portions of Later Parts of Cape May and Pensau- 

Columbia). ken. 

Wicomico (higher portions of Parts of Cape May, Pensauken 

Later Columbia), and possibly Bridgeton. 

Sunderland (Earlier Columbia). Parts of Cape May, Pensauken 

and Bridn^elon. 

It is believed by the author that the methods of classification 
employed in Man-land are the natural ones, and that they will 
ultimately be found applicable to the determination of the ma- 
rine Pleistocene deposits of much of the Atlantic Coastal Plain. 



EDITORIAL COMMENT. 

THE DEPARTMENT OF GEOLOGY IN THE 

NATIONAL MUSEUM. 

Plates X-XIV. 



It is proposed to give here a brief account of the Depart- 
ment of Geology' in the \j. S. National Museum, as condensed 
mainly from its published handbooks and annual reports. The 
purport of the paper is to show to what extent the department, 
as a national institution, is fulfilling its mission in caring for 
and rendering available to students the materials entrusted to 
its keeping, and further, in making an intelligent display for 
the benefit of the public. 

The history of the L". S. National Museum may be said to 
date from the vear 1846, when by act of Congress the custody 
of the National Cabinet of Curiosities, at that time deposited in 
the Patent Office building, was transferred to the Smithsonian 
Institution. 

This act provided that *'A11 objects of natural history, 
plants and geological and niincralogical specimens belonging 
or hereafter to belong to the L^nited States, and which were 
then in the city of Washington, should be delivered to the Re- 
gents of the Smithsonian Institution, and together with new 
specimens obtained by exchange, donation, or otherwise, should 
be so arranged and classified as best to facilitate their examina- 
tion and study." By a subsequent act it is decreed that '*all 
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collections of rocks, minerals, soils, fossils and objects of nat- 
ural history, archaeology and ethnology, made by the Coast and 
Interior Survey, the Geological Survey, or other parties of the 
Government of the United States, when no longer ne-^^'vl to- 
investigations in progress, shall be deposited in the National 
Museum." 

The amount of geological material brought together under 
these acts prior to 1876 was, though valuable, comparatively 
small and extremely varied. It consisted mainly of the collec- 
tion made by Prof. J. D. Dana and his associates during the 
Wilkes exploring expedition ; by the various geologists accom- 
panying the surveys for the Pacific railroads in 1854-5; the 
surveys west of the looth meridian under the direction of the 
engineer corps of the army, and the U. S. Geological Surveys, 
under direction of Dr. F. V. Hayden. There were also various 
miscellaneous collections made by surveys under the direction 
of the general land office. 

Prior to 1873 there were no paid assistants whose duty it 
was to look after the collections. Indeed, Prof. Henry's pol- 
icy at that time was directly against the utilization of Smith- 
sonian funds for museum purposes. Thus, in one of his re- 
ports, he writes that scientific service "can be obtained without 
charge" or paid "in proportion to the time of engagement." 

The natural history collections, including the fossils, were, 
therefore, worked up by so-called collaborators, several of 
whom had offices, and some of them sleeping apartments in the 
Smithsonian building. Amongst the numerous collaborators 
mentioned arc found such names as those of Conrad, Cope, 
Gabl), Leidy, Lesqucreux, Meek and Newberry. 

The completion in 1880 of the present museum building 
afforded an opportunity for expansion and incidental reorgan- 
ization on a more practical basis. This found expression in 
the creation of numerous departments and the appointment of 
salaried officials to take charge of the various collections: 

With the appointment of Dr. Geo. W. Hawes to the posi- 
tion of curator of geology and mineralog\', and Dr. C. A. 
White to that of curator of invertebrate fossils, began the history 
of the geological department of the museum as an independent 
department. Dr. Hawes' connection with the museum was^ 
however, too short for his division to become fully organized. 
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and at the time of his death, which took place at Manitou, Col- 
orado, in 1883, matters were in a state of great confusion, ow- 
ing to the large amount of material that had accumulated and 
the extensive census work undertaken but necessarily uncom- 
pleted. 

The rapid increase of the paleontological collections and the 
growing demand of the geological survey for space for storage 
and work-rooms, resulted in early additions to the honorary 
force, Mr. C. D. Walcott being appointed honorary assistant 
curator in charge of the paleozoic fossils in 1882, and ^Tr. L. F. 
Ward, honorary curator of fossil plants in 1883. In this same 
year Mr. L. W. Clark was appointed honorary curator of min- 
eralogy. 

In 1894 a partial reorganization of the division took place, 
resulting in placing the entire paleontological collections under 
the direction of Mr. Walcott, with ]\Ir. Charles Schuchcrt as 
assistant curator; Prof. O. C. ^larsh of Yale College having 
nominal charge of the fossil vertebrates. 

From the time of the death of Dr. Hawes until 1897 the 
mineralogical and geological divisions, as a whole, remained 
without an official head, the assistants, Messrs. F. P. Dewey,* 
W. S. Yates and G. P. Merrill, retaining charge of their vari- 
ous divisions and reporting directly to the assistant secretary. 

At this date a complete reorganization took effect which is 
still in force and is apparently working very satisfactorily. The 
entire department, including mineralogy as well as paleontol- 
ogy, is placed in charge of a head curator. In creating the 
various divisions and sections, regard has been had mainly to 
convenience in administration and arrangement of material 
most readily accessible for study and reference. The aim has 
been to give each officer control of such collections as lie may 
be most interested in and not to hamper him with the care of a 
great amount of other matter. The general scop^' of the de- 
partment in tabular form is given below : 

Department of Geology : 

George P. Merrill, Head Curator. 

(a) Division of Physical and Clieniical Cieology, ( Systi-niatic and 

Applied) : 

George P. Merrill. Curator. 

W. H. Newhall, Aid. 

•Mr. Dewe3' resigned in 18S9. 
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(b) Division of Mineralogy : 

F. W. Clarke, Honorary Curator. 
Wirt Tassin, Assistant Curator. 

Dr. L. T. Chamberlain, Honorary Custodian of Gems and 
Precious Stones. 

(c) Division of Stratigraphic Paleontology: 

Charles D. Walcott, Honorary Curator. 
Charles Schuchert, Assistant Curator, 
(i) Section of Vertebrate Fossils: 
F. A. Lucas, Acting Curator. 

(2) Section of Invertebrate Fossils : 

Paleozoic : Chas. Schuchert, Custodian ; Geo. H. Gir^y, 

Custodian of Carboniferous Collections. 
Mesozoic: T. W. Stanton, Custodian. 
Cenozoic: W. H. Dall, Associate Curator. 
Chas A. White, Honorary Associate in Paleontology. 

(3) Section of Paleo-botany : 

A. C. Pcale, Aid in Charge of Collections. 

Lester F. Ward, Associate Curator. 

F. H. Knowlton, Custodian of Mesozoic Plants. 

David White, Custodian of Paleozoic Plants. 
Considered in the order a!x>ve given, the following descrip- 
tive matter, compiled from the handbooks and annual reports 
of the various curators and assistant curators, will be found of 
interest. 

Division of Physical and Chemical Geology, Systematic a)ui 
Applied. In this division consideration is given to the bring- 
ing together, and so far as is practicable, preparifig an exhibi- 
tion of materials bearing upon the history of the earth in its 
cosmical aspect and illustrative of its composition and struc- 
ture. Lack of space has prevented the carrying out of an ideal 
exhibition scries, and from year to year it has become nec- 
essary to withdraw some of the smaller and less vStriking ex- 
hibits and install in their places materials of more general in- 
terest. It is not to be understood, however, that the exhibits 
that are withdrawn are rejected. They are simply placed in 
storage, where they may be available for reference, or for ex- 
hibition when space shall be provided. 

The more important exhibits found here and which are of a 
nature, either on account of their size or rarity, as to seldom 
find their way into the smaller nuiseums, are a cluster of ba- 
saltic columns in the position in which they were formed (see 
pi. XIV) : a large scries of specimens illustrating (i) Hmestone 
caverns and ass(Kiated phenomena (see pi. xi); (2) glaciers 
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and glaciation; (3) volcanoes and volcanic activity; (4) con- 
cretionary structures in crystalline and fragmental rocks (see 
pi. XII ), and (5) faults, folds and other phenomena produced 
by purely dynamic agencies. In addition to these there is a 
systematic series of rocks and fossils from the various geolog- 
ical horizons of America. 

Some of the more striking of the exhibits in this division 
are shown in the accompanying illustrations. The collections 
in this section now occupy a floor space of but 50 by 90 feet. 

At the time Dr. Hawes entered upon his duties as curator, 
he also assumed charge of that branch of the tenth census re- 
lating to the quarry industry of the United States. To this 
work he gave almost his entire attention, and although his la- 
bors were unfortunately cut short when little more than a be- 
ginning had been made, yet the carr}'ing out of the work as 
planned resulted in the accumulation of several thousand sam- 
ples of building and ornamental stones, and the large mass of 
information relating thereto which appeared in volume X of 
the reports of the tenth census. Out of the materials thus col- 
lected upwards of 3,000 specimens were dressed in the fonn of 
four inch cubes for exhibition purposes. These have been de- 
scribed by the present head (then assistant) curator in a hand- 
book of some '370 pages, published in connection with the an- 
nual report for 1886. Another important collection is a series 
of metallic ores and non-metallic minerals arranged on a geo- 
graphic basis, i. e., by states, and a large series of economic 
materials arranged on one of the recently completed galleries 
in the southwest court, a section of which is shown in plate i. 
This last collection alone comprises upwards of 4,000 speci- 
mens, the non-metallic portion of which has been described in 
the report of the National Museum for 1899, just issued. 

Space has also been devoted to collections illustrating the 
methods of treatment of ores, and reference should he made to 
an important series illustrating the extraction of gold, silver, 
lead, copper, zinc, iron and the manufacture of stccl. Tliis 
series, together with a descriptive catalogue of the systematic 
collections in economic geology, was described in bulletin Xo. 
42 of the National Museum, published in 1891. Tliesc series 
are very complete and illustrate all stages of the process from 
the crude ores to the finished product, witli also the fuel, fluxes 
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and various by-prcxlucts. They are accompanied by engrav- 
ings (plates from published handbooks) showing mines, mills 
and furnaces from which the various samples were taken, 
tach collection begins with a series of the ore-bearing miner- 
als. This is followed l^y a series of the ores in which the ore 
mineral is evident to the eye, and this, in turn, by selected sam- 
ples of the ores as mined, and in which, as is often the case, 
the ore-bearing mineral is wholly inconspicuous. 

The economic collection is somewhat exceptional on account 
of the prominence given to what are classed as the non-metallic 
minerals (i. e., minerals not used as ores of metals). There 
are thus exhibited, grouped by usage and kinds, very complete 
series of natural pigments, abrasives, salts used in fertilizer 
and chemical manufacture, sulphur and sulphur ores, clays, 
limes and cements, diatomaceous earth and tripoli, asbestos, 
both crude and manufactured, mica, fluxes used in metallur- 
gical operations, coals and other hydro-carbon compounds, etc. 
Some prominence is given to the rarer earths and minerals 
which are now coming into more general use, as monazite, 
cerite, zircon, spodumene and other lithia minerals, celestite, 
uranium comix)unds etc. These collections are described in 
detail in the handbook above mentioned, from which plate i of 
this article is taken. A feature which has thus far been largely 
overlooked in collections of this nature, is a consideration of 
water as a mineral and its exhibit among other economic min- 
eral products. One case is given up to a display of this na- 
ture, selected to show kinds and geographic distribution in the 
United States. 

Another collection which will bear special reference is that 
of crude petroleum. This comprises upwards of 300 samples, 
some of which are of historical interest, as a sample, in the 
original package, of the "medicinal oil" from Little Rennox 
creek, Kentucky, put up in 1856. The collection is arranged 
to show (i) variations in specific gravity and (2) color, (3) 
geological horizons, and (4) geographical distribution. A 
small series of distillation products is also shown, though here, 
as in other instances, the strictly technological side is from ne- 
cessity, largely omitted. This collection is accompanied by 
maps showing the known distribution of petnjleum and bitu- 
minous products throughout the world, and a small collection 
of oil sands and bitumen-bearing rocks. 
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These economic collections are the most systematic of their 
kind in the country, and in many respects the most complete 
and systematic of any public museum in the world. 

By law, as noted above, the museum is the repository of all 
mineralogical and geological material collected by the various 
departments of the government, when the various investiga- 
tions for which they were made are completed. This results 
in bringing together a vast amount of material, worthy of pres- 
ervation, in fact, of the very greatest scientific value for refer- 
ence and study purposes, but quite unsuited for exhibition. 
Materials of this nature are classified by kinds or by areas, ac- 
cording to the conditions under which they have been studied, 
and put away in drawers in storage cases, where they may be 
available whenever desired. Among the more important col- 
lections, which may be mentioned here, are those made by the 
early Hayden and Wheeler surveys ; the tenth census iron ore 
series described by Pumpelly ; the collections of the 40th par- 
allel survey, including the lithological series described by Zir- 
kcl ; the Washoe collections representing the work done by G. 
F. Becker and colleagues in the Washoe district and Comstock 
lode, Nevada, the results of which were published in Mono- 
graph 3 of the U. S. Geological Survey ; the rocks of the Eu- 
reka district, as described by Hague and Iddings, in mono- 
graph 20, U. S. Geological Survey ; the Pacific coast quick- 
silver collections, comprising several hundred specimens as 
described by G. F. r>ecker and colleagues in monograph 13 of 
the U. S. Geological Survey ; the Leadville collection, compris- 
ing nearly four hundred eruptive, sedimentary and metamor- 
phic rocks and ores collected and studied by Messrs. S. F. Em- 
mons and Whitman Cross, and described in monograph 12 of 
the U. S. Geological Survey. It also includes type series of the 
rocks described by the survey pctrographers — as those of the 
Silver C*iiff and Ten Mile districts, Colorado — and representa- 
tive series of rocks of the various published quadrangles. 

The mineral collection is evidently very systematic and con- 
tiains much material worthy of special mention. Among the 
iTiore noteworthy specimens is a fine large octahedron of gold 
^nd a cluster of crystallized gold showing nearly 20 more or 
less f)erfect octahedra. The collection also contains type speci- 
"tiiens of warrenite. lianksitc, spangolite, lawsonite, zunyite, and 
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jjuitermaneite ; also the complete series of uranium minerals 
used in investigations by Hillebrand which led to the discovery 
of nitrogen in uraninite and indirectly to the discovery of ar- 
gon. 

Among the more notable suites in the exhibition series may 
be mentioned a magnificent collection of Copper Queen azur- 
ites, Siberian topazes, and twinned calcites containing arbores- 
cent copper from the Lake Superior region. The collection is 
rich in specimens from the older Pennsylvania localities, as for 
example, a magnificent series of brucites mainly from the collec- 
tions of Isaac Lea and Joseph Leidy ; also a series of zaratites 
on chromite from the old Wood mine, Texas, Lancaster county, 
Pennsylvania. 

Worthy of particular note here is a recent accession from 
Dr. C. V. Shepard of Summerville, South Carolina, compris- 
ing the entire private collection of the late Prof. Chas. U. Shep- 
ard. This is especially valuable, since it contains Dr. Shep- 
ard*s type materials and specimens, from which drawings were 
made for purpose of illustration in the earlier works on miner- 
alogy. It also contains fine examples from localities now in- 
accessible or exhausted. 

The large block of native copper described by Schoolcraft 
in his narrative of explorations of the source of the Mississippi 
in 1820, from Ontonagon county, Michigan, is displayed in this 
section of the department. 

A comparative scries, designed primarily for students of 
mineralogy, and which illustrates various characteristics or 
properties of minerals, containing some 2,800 specimens, is ar- 
ranged along the west side of the hall. The gem collection, 
which since the recent generous accessions to the collections in 
the American Museum in New York, now ranks as second of 
the public collections in the country, owes its origin to an ex- 
hibit of precious stones made by the National Museum at the 
Cincinnati and New Orleans expositions in 1884 and 1885. ^^ 
1894 the museum secured by purchase the Leidy collections of 
gems and later, by request, the important colleciion of Dr. Isaac 
Lea. Since that time the growth has been rai)id and system- 
atic, owing largely to the influence of the honcrrary custodian, 
Dr. L. T. Chamberlain. Particular effort is maJe to illustrate 
the gem resources of the United States. A lar^e, rich green, 



■ -j" 

-J ,. 






■j^ 



Tan AuRRiciH Gi 




FIG. 3. CONCRHTIO.VARY STRUCTURES. 



i t 






* A 



• • 1*. 

■■■ < - 



, Vol. XXVIII. 



PtlTB XII. 




FIG. 3. CONCRKTIONAFY STRUCTURES. 



TnB AVBRICAM GBOI.001ST, Vol. XXVIir, 




CLt'STBR Of BASXLTIC COl-UM^S. 



Pl»tb XIV. 




COLUU-^S. 



Editorial Comment, 115 

brilliant cut tourmaline, weighing 57>4 carats, from Paris, 
Maine, is noteworthy. There is also a fine, claret-red tourma- 
line, weighing 17J/I carats, from the same locality. 

There are also sapphires and rubies from the Jenks' mine, 
Macon county. North Carolina, including the dark-brown, as- 
teriated form described by Kunz in the transactions of the New 
York Academy of Sciences in 1883. The recently discovered 
Montana sapphire locality is represented by a beautiful suite 
of specimens, characteristic for their remarkable lustre and 
marked dichroism. 

The beryl series comprises what is supposed to be the lar- 
gest emerald crystal found in North America, and a fine series 
of cut emeralds and ber\'ls from North Carolina, as well as a 
fifteen-carat, cut stone from the quarries at Portland, Connecti- 
cut. This last is of a rich, deep aquamarine color, fairly rival- 
ing the best Brazilian stones. 

The collection also contains a fairly satisfactory series of 
cut hiddenites from Alexander county, North Carolina ; a cin- 
namon-colored, fifteen-carat, cut topaz from Pike's peak, Col- 
orado, and a selected series of cut turquoises from New Mex- 
ico, the gift of the American Turquoise Mining Co. 

The meteorite collection comprises, all told, some 752 speci- 
mens representing 329 distinct falls or fifids. The more not- 
able specimens in this collection are the historical Tucson or 
ring meteoric iron, the Allegan stony meteorite which fell in 
Michigan in July, 1899, and the unique Bishopville stone, dis- 
covered in 1843. ^ special effort is made to secure represen- 
tatives of all American falls and but little attention is paid to 
minute fragments too small for study. 

Section of Invertebrate Fossils. The paleontological col- 
lection, like other of the collections in the geological depart- 
ment, consisted at first very largely of material brought in by 
the government exploring expeditions. Incidentally many small 
lots were presented or received in exchange and a few purchased. 
Other additions have since been made through the govern- 
mental exhibits in which this section has taken part. A valuable 
collection of fossil insects and a few vertebrates formed a part 
of the Lacoe collection mentioned elsewhere. Perhaps the most 
important collection of invertebrates that has come to the sec- 
tion by bequest is what is known as the I. H. Harris collection 
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of Lower Silurian invertebrates from southern Ohio, This 
contains over 20,000 specimens and is referred to in the report 
for 1898 as one of the finest ever made from the rocks of the 
Cincinnati group, being particularly rich in starfishes, crinoids, 
and trilobites, including numerous type specimens. 

During the past 20 years the section has naturally been very 
greatly enriched by materials turned over by the U. S. Geolog- 
ical Survey. How rapid has been the growth of these collec- 
tions is shown by the record books, which, in 1859, had less 
than one thousand entries ; while, in 1898 alone, mdre than 33,- 
000 specimens were added and the total accumulation is esti- 
mated at some 350,000 specimens, very many of which are, of 
course, duplicates. 

No inconsiderable part of the value of these collections lies 
in their type specimens, or those which have been illustrated in 
the various works on .paleontology. It is stated that there are, 
all told, something like 4.575 lots which have been thus de- 
scribed and figured. 

The exhibition space for this section is limited to 30c run- 
ning feet of space on one of the galleries. The exhib- 
its arc divided into (i) a historical collection, (2) a 
synoptic collection, and several minor series illustrating de- 
velopment of the fauiias of particular areas. The great bulk 
of the invertebrate collections are, however, stored in drawers 
constituting what is known as the rescr\'e series. The paleo- 
zoic collection is very rich in Cambrian and Ordovician types, 
a condition due largely to the efforts of Mr, Walcott and the 
I. H. Harris bequest. The Devonian and Carboniferous fau- 
nas are, however, only fairly well represented and liie Silurian 
scries is reported as being comparatively weak. The entire 
paleozoic scries, aside from that portion on exhibition, is t 
stored in something like 1.300 drawers. The mcsozoic e 
tion is rich in materials from the southern and wesleni'i 
but weak in specimens from the Atlantic border, 
ary collection is exceedingly rich. 

Seclion of I'crtcbrale Paleontology. — Prior I 
section, though containing many of the tj"pcs of t 
and Xewbcrry, made very Hlllc di-jjl.iv, llie sr^ 
lected by the earlier geolf^'^i'^ls and ■-■ ■''irs 
variably of a fragmentary iiatur" 
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In 1898 Prof. O. C. Marsh, then acting as an honorary cur- 
^3tor of vertebrate fossils, transferred a portion of the collec- 
■fcion made by liim under the auspices of the U. S. Geological 
Survey, to the museum, and the history of the section might 
-^■ell begin with this date. After the death of Prof. Marsh the 
entire collection belonging to the government was transferred 
"to the museum, as has been noted in a prevous number of this 
journal.* As is there stated, the actual number of specimens 
represented in the collection cannot be stated, since they range 
:from minute teeth of fossil mammals to individual specimens 
"weighing from 500 to 2,000 pounds each. The collections are 
ra-ich in Dinosauria, especially in Triceratops and Stegosaurus, 
"while the series of Titanotherium skulls is probably the best in 
existence, containing more than fifty complete examples al- 
Tcady cleaned and a number in the rough. 

Among the specimens thus transferred are the types of for- 
ty or more species, including dinosaurs and Jurassic, Creta- 
ceous and Tertiary mammals, the more important of which are 
as follows: 



DINOS.WRS, 
Labrosaurus ferox, 
Camptosaurus nanus. 
Triceratops calicornis, 
Triceratops Obtusus, 
Triceratops elatus, 
Cera tops montanus, 
Cera tops alticornis, 
Pleurocoelus nanus, 
Stegosaurus stenops, 
StegOMiirus sulcatus, 

OOdDILES. 

Sbytiilon rostratus. 

SlfAKtS, 

Cpnioiihis prectdtns. 



Paiirodon vi 
Meiiacodon 
Ennacdon a I 
Ennacdon ci 
Lao don veni 




Priconodon crass us, 
Crimolodon agilis. 
Telacodon pnstans, 
Oracodon cenulus, 
AUacodon forlis, 
Batodon tenuis. 



Titanotherium dispar, 
Trigonias obsorni. 

' '**"' lunting vertebrate fossilsisslow 

g ^ ITS before the nuTSCuni, 

4 of these interesting rc- 

'^ ^ beginning has, how- 
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The department has for many years been the depository of 
miscellanieous collections of fossil plants made by various ex- 
ploring expeditions and geological surveys, but it was not un- 
til 1892 that the paleobotanical series became of sufficient im- 
portance to merit consideration among the great collections of 
the world. In this year, the late Mr. R. D. Lacoe gave to the 
government his entire collection of fossil plants, a collection 
tne value of which has been partially made known to the sci- 
entific world through Lesquereux's Coal Flora, of the second 
geological survey of Pennsylvania. This collection is esti- 
mated to contain, all told, not less than 100,000 specimens, of 
which 575 are original types. 

In addition, there are the collections described in Lesquer- 
eux's Cretaceous and Tertiary Flora, vol. VIII. of the report 
of the Hayden Survey, and his Flora of the Dakota group, 
monograph 17 of the present U. S. Geological Survey, and in 
Fontaine's Mesozoic Flora of North America, monographs 6 
and 15, U. S. Geological Survey; Newberry's Later Extinct 
Flora of North America, monograph 35, U. S. Geological Sur- 
vey ; White's Fossil Flora of the Lower Coal Measures, mono- 
graph 37, U. S. Geological Survey, and others of less impor- 
tance, it is easy to see, therefore, that the collection is by far 
the largest and most valuable of its kind in America, and per- 
haps in the world. It contains altogether not less than 2,000 
types and figured specimens. 

The view here given (plate xiii) from the annual report of 
the Museum for 1900, shows the galler}' of the Museum de- 
voted to the storage of the study series of fossil plants. The 
section has here some 1,900 drawers, giving an area of 10,000 
square feet of storage space. The table cases around the outer 
edge of the gallery serve as convenient tables for the laying 
out of material for study. 

The question as to what extent it is proposed to carry the 
exhibition series in the Museum is an important one. The 
present feeling on the part of the officers of the various depart- 
ments, is that a practical limit is very quickly reached. A CGnv- 
paratively small number of well-selected, well-preserved, tjp^ 
ical forms, properly labeled and so installed as to a1' ' 

tion and at the same time convey an idea, are 
of greater value than dozens of specimens of 
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^displayed in a less satisfactorj- manner. In fact, unless each 
succeeding specimen illustrates some new feature, tlie smaller 
"•he display the better. But, how to so display a specimen as to 
^et the maximum value, is a question with which the curators 
■«3f every museum are stiil struggling. Color of case interiors, 
■<iirection of light, character of label and many minor points 
3iave to be considered. In the department of geology' the pre- 
"vailing color for case interiors is a warm cream tint. Years 
of experience have shown this to give most general satisfac- 
tion, when its non-fading character and the varying color of 
ihe specimens are taken into consideration. Labels are brief 
and printed with heavy-faced black type on gray green board. 
This color is not all that might be desired from a purely aes- 
thetic standpoint, but it has been selected as affording a label 
that is legible and non-fading; the first essentials of a label are 
<:onsidercd legibility and conciseness of statement. In the ear- 
ly history of the department, labels were much larger than at 
present. It was found, however, that not merely would it 
prove to he a practical impossibility to label the entire collec- 
tion as fully as proposed, but that the public did not demand 
such. Certain striking specimens of large size, or of peculiar 
interest for other reasons, do demand full explanatory labels. 
In the systematic series it has, however, been found that a brief 
label, giving name and locality, best serves the purpose, addi- 
tional information being given in the case label and in hooks of 
reference placed upon the tables in the halls. As a rule, no 
specimen such as cannot be replaced is put upon exhibition, if 
more liable to injury or deterioration there than in the drawers 
of the reserve series. Nor is a si>ecimen necessarily considered 
as withdrawn from the study series by being placed upon ex- 
hibition. 

The question of getting a maximum number of specimens 
into a case, with a minimum amoimt of interference or shadow, 
has been quite satisfactorily solved, so far as the section of ver- 
tebrate fossils is concerned, by the means shown in plate V. 
As will be noted, shelving is done away with, excepting that 
afforded by the bottom of the case and two narrow shelves at 
the top, for large and heavy materials which are often out of 
classifies''"" -" -■■mDarcd with the rest of the exhibit. The 
■d to encaustic tiles of standard 
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sizes in units of four inches width, which in their 
steeply inclined position are prevented from falling forward 
through sudden jar by an overlapping edge of wood at the 
top. By an actual trial, it has been found that though an ap- 
parently wasteful method of installation, so far as space is 
concerned, more material can be put into a case than when the 
ordinary horizontal or sloping shelf is used, and moreover, the 
view of one specimen is never obscured by one in front, or 
shadowed from above. The possibly objectionable features 
thus far discovered, are that it limits the size and weight of the 
specimen exhibited and necessitates the cementing of the sam- 
ples to the tiles. The first mentioned objection has proven of 
little moment, space for the larger forms being found at the 
bottom, or on the narrow shelves ; while the second is avoided 
by not including in the series materials that would be injured, 
or whose value would be in any way impaired by the cement- 
ing process. These tiles are of a light buff color, non- fading, 
and as they never warp, as does wood, are found very satisfac- 
tory ; and when all sizes are taken into consideration, no more 
expensive than is the latter material. 

This method of installation, so far as we know, is unique 
among American museums, though, excepting in the matter of 
kind of tiles used, it resembles in a general way the custom fol- 
lowed with certain collections in the museums of Prague and 
Vienna. 

It need scarcely be said that a museum dependent so largely 
upon legacies from other departments of the g^overnment or 
gifts from private individuals as is the National Museum, has 
developed in a very unsymmetrical manner. Such a museum 
has been compared to a book, with here and there a word, line, 
or page, or perhaps whole chapters missing. It is for those 
in charge then to fill the gaps — to round out their collections, 
by field trips, by soliciting gifts, or by purchase. But, inas- 
much as the National Museum has no endowment and is de- 
pendent upon annual appropriations from congress, the admin- 
istration finds itself in the apparently somewhat inconsistent 
position of at the same time asking for funds to provide more 
space, and also for the purchase and care of more material. 

As appears from the reports, the functions of the officials 
are not limited to the care of the collections and the buildings 
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up of exhibits in the museum. Since the Centennial Exhibition: 
of 1876, few years have passed in which the museum as a 
whole, or some of its departments, has not been called upon to 
prepare for public expositions of greater or less magnitude. 
In the earlier of these the department of geology took no part,, 
but beginning with the expositions of Louisville and Cincinnati 
in 1884, it has contributed to those of New Orleans in 1885, 
Minneapolis in 1887, Cincinnati and Marietta in 1888, Chica- 
go in 1893, Atlanta in 1895, Nashville in 1897, Omaha in 1898, 
and is now preparing for the Pan-American exposition at Buf- 
falo in 1901, with a more than reasonable prospect of being 
called upon for that of St. Louis in 1903. 

This carrying on of exhibition work outside of Washington 
has affected the department in many ways. "Probably no other 
great permanent museum of the world has had constantly bo- 
fore it the problem of guarding its treasures from deteriora- 
tion, and at the same time transporting portions of them hun- 
dreds and thousands of miles and there displaying them under 
such unfavorable conditions as must exist in temporary expo- 
sitions. The advantages lie in the direction of making the 
work of the museum known to the people at large, and in the 
opportunities offered by direct appropriation for purchase or 
for paying traveling expenses, for securing new material to fill 
out deficiencies in the existing collections. The disadvantage 
lies in damage done to objects in the collection by breakage, or 
perhaps actual loss, and in the interruption of the regular mu- 
seum work and the dissipation of the energies of the scientific 
ofiicers and employes." 

The work of preparing for these expositions is apparently 
not the only work of an ultra museum nature which its officials 
are expected to perform. From the reports for 1895 and 1896 
we learn that "It has always been the policy of the museum to 
examine, free of charge, specimens transmitted to the museum 
for determination, no matter from whom or from what localitv. 
The curator of each department in the museum is expected to 
be an authority in his own line of work, and the knowledge or 
the whole staff of experts is thus placed, without cost, at the 
service of every citizen." (p. 45.) 

*Tt is much to be regretted that many specialists, intent 
chiefly upon the study of certain scientific problems in which 
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brilliant cut tourmaline, weighing 57^/^ carats, from Paris, 
Maine, is noteworthy. There is also a fine, claret-red tourma- 
line, weighing 17J/2 carats, from the same locality. 

There are also sapphires and rubies from the Jenks' mine, 
Macon county, North Carolina, including the dark-brown, as- 
teriated form described bv Kunz in the transactions of the New 
York Academy of Sciences in 1883. The recently discovered 
Montana sapphire locality is represented by a beautiful suite 
of specimens, characteristic for their remarkable lustre and 
marked dichroism. 

The beryl series comprises what is supposed to be the lar- 
gest emerald crystal found in North America, and a fine series 
of cut emeralds and beryls from North Carolina, as well as a 
fifteen-carat, cut stone from the quarries at Portland, Connecti- 
cut. This last is of a rich, deep aquamarine color, fairly rival- 
ing the best Brazilian stones. 

The collection also contains a fairly satisfactory series of 
cut hiddenites from Alexander county, North Carolina ; a cin- 
namon-colored, fifteen-carat, cut topaz from Pike's peak, Col- 
orado, and a selected series of cut turquoises from New Mex- 
ico, the gift of the American Turquoise Mining Co. 

The meteorite collection comprises, all told, some 752 speci- 
mens representing 329 distinct falls or finds. The more not- 
able specimens in this collection are the historical Tucson or 
ring meteoric iron, the Allegan stony meteorite which fell in 
Michigan in July, 1899, ^"^ the unique Rishopville stone, dis- 
covered in 1843. ^ special effort is made to secure represen- 
tatives of all American falls and but little attention is paid to 
minute fragments too small for study. 

Section of Invertebrate Fossils. The paleontological col- 
lection, like other of the collections in the geological depart- 
ment, consisted at first very largely of material brought in by 
the government exploring expeditions. Incidentally many small 
lots were presented or received in exchange and a few purchased. 
Other additions have since been made through the govern- 
mental exhibits in which this section has taken part. A valuable 
collection of fossil insects and a few vertebrates formed a part 
of the Lacoe collection mentioned elsewhere. Perhaps the most 
important collection of invertebrates that has come to the sec- 
tion by bequest is what is known as the I. H. Harris collection 
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POST-GLACIAL. 

(a) Later: Beech and alder (with Mya). 

(b) Earlier: Oak (Litorina) ; Birch, Pine (Ancylus). 

GLACIAL. 

Latest glacial phase; Dryas (Yoldia) ; Fauna and flora still sub- 
arctic. 

Third ice age; (a) Melting period; terminal moraines, sands of 
valleys and terraces, osars, kames, gravel, loess, (b.) Covering of 
land ice; Upper marl sand (ground moraines), subglacial sand and 
gravel. 

Second intcrglacial epoch: Fauna of large animals; interglacial 
peats; deposits containing fresh-water shells; marine formations con- 
taining certain oyster beds, 'clays, with Cypris and diatoms. 

Second ice age: Lower marl sand (ground moraines), fluvio-gla- 
cial gravelly, sandy and clayey deposits. 

First interglacial epoch : Fresh water deposits, peat and calcareous 
tufa, sands with Valvata. Marine deposits, sands with Cardium, Yoldia 
and Cypris. Diatoms. 

First ice age : Ground moraines and older fluvio-glacial sediments. 

Pre-glacial time : Deposits not yet demonstrated, although some 
of the fossiliferous beds above assigned to the first interglacial epoch 
have been considered pre-placial. N. H. w. 

Le granite des Pyrenees, et ses phenomenes de contact. 3 plates, 16 text 

figures, p'p. 68. By A, Lacroix. Ch. Beranger, Paris, 1900. 

(Bull. Ser. Carte Geol. France No. 71.) 

The facts and conclusions therefrom given in this bulletin are very 
important, considered from a petrological point of view. This publica- 
tion marks perhaps an important epoch in European geological literature. 
While some of the conclusions have been, here and there, anticipated by 
earlier publications, in no case have they been so fairly presented, nor 
so fully supported by reference to field evidence. The author is one 
of the most skilled and. at the same time, one of the most cautious of 
living pctrographcrs and he has spent several years in gathering and In 
studying the field facts, and in the necessary laboratory work. His re- 
sults necessarily carry conviction to all who are open to conviction. 
It will be difficult to question them with good reason adversely until the 
same facts shall have received equally as long and detailed a study. 
These important results can be summarily stated as follows: 

1. The granite of the massif of Querigut-Millas surrounds and in- 
closes along the south side a large band of paleozoic limestone. On the 
southern border this limestone band is separated from some schists 
by the enclosing spur of granite. 

2. Along the southern side of the granitic massif exomorphism is 
notable, in the schists and in the limestone, the former taking the 
character of leptynolytes. or feldsi)athic mica schists, with frequent 
development of tourmaline, andalusite. cordierite etc., also sillimanite 
and microcline. A special type contains abundant orthoclase and oligo- 
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clase, with biotite and graphite, and still another ilmenite, allanite and 
epidote. The limestone is mar-morized and garnetized with reddish 
yellow grossulaire in large rhombododecahedrons. In other places it 
is rich with epidote and hairy idocrase. with wollastonite. diopside, 
chabazite and stilbite. In these modifications sometimes microcline and 
sometimes quartz is in the last mineral formed. Epidote increases to 
form epidolyte. It is then granulitic and pyroxenic. Sometimes it is 
rich in sphene, diopside and blue tourmaline. The limestones also take 
the form of compact dense feldspathic rocks derived from thin alter- 
nating beds of limestone and of schist, constituting a banded horn- 
stone. Talc appears also as a product of such modifications, and l>eds 
of magnetite as a pneumatolitic product at the contact planes. In the 
marble are also veins of aplyte and pegmatyte. These veins are not 
derived from injection from the granitic magma, but from slow mole- 
cular filling of fissures by the action of mineralizing waters. 

3. Along the northern slopes of the granitic massif the exomor- 
phism is less, and the granite is much decayed and granulated. It 
contacts on Silurian schists and Premo-Carboniferous and Devonian 
limestones and on Secondary limestones. The modified sedimentaries 
present essentially the same characters as on the south side. 

4. The granite passes progressively to hornblende granite, then to 
quartz dioryte, to basic dioryte and to hornblendytes, including noryte 
and hornblendic peridotyte. 

5. These several rocks are separated, in different stages of alter- 
ations, from the normal granite, by a form of granite containing in- 
clusions showing different degrees of exomorphism. 

6. There is a clear, close connection between the nature of the 
sedimentaries adjacent and these inclusions, indicating their source. 

7. It is logical, therefore, to consider these inclusions sometimes 
as fragments from the sedimentaries highly cxomorphosed or some- 
times as portions of the granitic magma endomorphosed by the diges- 
tion of such fragments. Yet they approach so closely together in min- 
eral nature that sometimes their source whether in the magma or in the 
sedimentaries cannot be distinguished. 

8. The granitic magma could have absorbed a great quantity of 
the schists without having its mean composition much altered. 

9. The absorption of calcareous sediments produces intermediate 
phases of basicity in the granitic magma. 

These conclusions bear directly on the theoretical origin of the 
basic and intermediate eruptive rocks, and seem to render the notion 
of magmatic differentiation unnecessary, and at this place inapplicable. 
At the same time it should be noted that Prof. Lacroix does not per- 
mit himself to universalize these results, but states that every case must 
be studied by itself. x. n. w. 

Geologischcr Fuhrer durcli Cair„panien. Von Dr. W. Deecke. 

This is No. 8 of the collection of geological guides published by 
Gebruder Borntraeger, Berlin, icoi. Costs 4 marks. This guide 
would be particularly valuable to tourists interested in volcanic phe- 
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nomena. It has, besides general maps, special maps of volcanoes and 
photographic views of some of their scenery; also a bibliography of the 
chief literature. N. h. w. 

The Coal and Metal Miner's Pockcthook of Principles, Rules, Formu- 
las and Tables. The Colliery Engineer Company^ Scranton, Pa. 
Sixth edition, revised and enlarged with original matter. 1900. 
This handy and gilt-edged little volume is fully described by its 
title. It is printed on fine, calendered paper in solid nonpareil type, 
and contains in small space a vast amount of technical information. 
It contains a glossary in which are definitions of many Mexican and 
Cornish terms. This glossary, however, is almost destitute of geolog- 
ical and mineralogical terms. It is apparent that no geologist had 
part in its compilation. "Archean" is defined as "an early period of 
geological time." Any geologist would have said the earliest period 
of geological time. The presence, moreover, of such a definition as 
this: '*Argol — A crude tartar deposited from wine," is almost a 
demonstration that some expert other than the geologist selected the 
terms of this glossary, for no geologist would assume that such crude 
tartar has any relation to coal or metal mining. N. H. w. 

Report on the Geology of the Philippine Islands. George F. Becker. 

(From the 21st Annual Report of the United States Geological 

Survey. Washington, 1901.) 

Mr. Becker has admirably begun the Governmert's geological work 
in the Philippines. He has catalogued all earlier geological publications, 
of whatever nationality, and his deduced from them a compact sketch 
of what is known of the geological structure and history of the en- 
tire group of islands. At the same time he has added his own obser- 
vations, and has given to the whole interesting sketch a decidedly orig- 
inal and American clearness, as well as completeness. 

In the eastern part of Luzon, and of other islands, are crystalline 
schists and massive rocks, gneiss, granite in small quantity, possibly 
some sycnyte. while dior>'tes, diabases and gabbros are abundant. Sim- 
ilar formations are found in the eastern portion of other islands. 
Some of these rocks may be Archean, by analogy with the geology 
of Borneo and of Java, but the diabases and jjabbros are thought to be 
mainly post-Carboniferous. 

Of stratified rock, Dr. Becker states that none are known of prc- 
Tertiary age — although they may exist, and do exist in adjacent island 
groups to which the Philippines seem to be allied in one geological 
province. The Eocene is supposed to exist, but it is not well authenti- 
cated. Certain black lignites have been reasonably supposed to be of 
the Eocene, and that would require the Eocene through the southern 
provinces of Luzon, and in the Visayas. The Miocene seems to have 
a basal conglomerate, indicating non-conformity on the Eocene. Other 
strata are considered Pliocene and post-Pliocene. The islands have re- 
ceived a recent uplift, after pencplanation, thus forming extensive 
plains that are fertile, and thickly settled. This uplift began in the 
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later Miocene and still continues, being marked by successive terraces 
and by elevated coral limestones. 

The author thus summarizes the probable geological history of the 
Philippines : 

"Summarizing the foregoing facts and inferences, it would seem 
that the geological history of the Philippines is something as follows: 
From early Paleozoic times onward an archipelago has usually marked 
the positions of these islands. Prior to the Eocene nothing definite 
is known of them, but further investigation will very likely disclose 
Paleozoic and Mesozoic strata there as in the Sunda and the Banda 
islands. During the Eocene it is probable that the lignitic series of 
Cebu was deposited, and the contorted indurated strata, which in 
other localities also carry black lignite relatively free from water, 
should be referred provisionally to this period. Whether the 
nummulitic limestone found at Binangonan is Eocene seems to me to 
be an unsolved question. After the Cebuan lignitic epoch a great up- 
lift and folding took place, and this may have been a detail of the late 
Eocene movement which so profoundly modified Asia and Europe. It 
must have brought about temporary continuity of land area between 
Borneo and Luzon. Somewhere about the middle of the Miocene the 
country sank to a low level. Many of the present islands must then 
have been far below water, while Luzon and Mindanao were repre- 
sented by groups of islets. Observations appear to suggest that the 
Agno beds represent the basal conglomerate formed at this subsidence. 
A slow rise began again during the later Miocene, and may have con- 
tinued to the present day without inversion, yet the actual distribu- 
tion of living forms is such as to give some grounds for believing that, 
at some intermediate period, the islands were a little higher than they 
now are, but sank again only to rise afresh. The diorytes and asso- 
ciated massive rocks, including their tuffs, may have made their ap- 
pearance about the close of the Paleozoic. The less siliceous of these 
rocks seem to have followed the more siliceous intrusions as a whole. 
The gold deposits, and perhaps other ores, are so associated with these 
massive rocks as to indicate a genetic relation. The neo-volcanic per- 
iod began as early as the highest Miocene horizon, and very prob- 
ably at the post-Eocene upheaval. If the semi-plastic marls of Cebii 
are all Miocene, the earlier andcsitic rocks, at least, date back nearly 
to the great up-heaval. Among these rocks, also, there is sometimes 
a tendency for the basalts to follow the andesites, but the one dacite 
found at Corregidor is later than the andesites of that island. The 
relation of the trachytes to the andesites is not certain, but the sanidine 
rock is probably the earlier. A very large part of the neo-volcanic 
ejecta has fallen into water and been re-arranged as tuffaceous plains, 
ihe volcanic vents appear to me to occur rather on a net work of fis- 
sures than on a single system of parallel diaclascs, and the volcanic 
activity is to be regarded as a thermal manifestation of the energy 
of upheaval." x. H. w.- 
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Willmott, A. B. 

Michipicoten Huronian area. (Am. Geol., vol., 28, pp., 14-19, pi. 8. 
July, 1901.) 
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Recent Submergence of the Asiatic Continent. As I have not 
yet had time to present in detail the facts which led me to become 
convinced of the recent extensive subsidence of the Asiatic continent, 
I may be permitted in advance to mention two points which will help 
to clear up the doubts expressed by Prof. Claypole in his communica- 
tion to the July number of the American Geologist. 

The first point relates to the origin of the loess in northern China. 
Prof. Geikie, on page 699 of the revised and enlarged edition of his 
"Great Ice Age," in 1895, gives expression to the same opinion that is 
' entertained by Prof. Claypole, that the material of the loess is "large- 
ly of fluvio-glacial origin,' while on a previous page (697) he accepts 
without reservation, the statement of Przevalski that "undoubted traces 
of former glaciation are seen in the Suma-Hada range, west of Kal- 
gan in China." In his map facing page 691 Geikie also represents this 
region west of Kalgan as containing an extensive glaciated area. 

Believing at the outset, as I did, in the glacial origin of loess ma- 
terial and in the probable correctness of Przevalski's inference, I took 
a 450-mile ride on muleback into the Mongolian frontier to verify the 
theory. This enabled me both to see the most significant deposits of loess in 
China and to cross and recross the mountains on the border of the Mon- 
golian plateau where the glaciers must be located to furnish the loess 
material for that region, if indeed it were of glacial origin. But 
though traversing this most probable glaciated area for a distance of 
150 miles, we found not only no evidence of any former glacial occu- 
pation, but abundant evidence that there had been no glaciation of the 
region. The whole erosion of the region has been sub-aerial, rather 
than subglacial. 

If our conclusions be correct (and they accord with those of Rich- 
thofen) the glacial origin of the loess of northeastern China must be 
abandoned ; and if abandoned there, I see not why it should, except 
on special evidence, be maintained with reference to other localities. 
Furthermore, though our examination of the facts along the base of the 
Ala-Tau mountains in Turkestan was not so complete as that in east- 
ern Mongolia, it was such as to leave little doubt in our minds that the 
glacial phenomena of those mountains were entirely incompetent to ac- 
count for either the amount or the distribution of the loess over 
which we traveled for many hundred miles. 
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A second point which was made in my paper published in the 
Quarterly Journal of the London Geological Society (vol. Ivii, 1901, p. 
249) relates to the extensive deposit of beach gravel upon the face of 
the precipitous cliff of volcanic rock which rises immediately behind 
Trebizond on the Black sea. This deposit reaches to a hight of 750 
feet above the sea, and is of a character and extent such as utterly 
precludes its accumulation in any other way than by wave action at 
that level. The material is not loCal, it is much rounded, it is out of all 
possible relations to any local streams which might have deposited it, 
it is fresh in appearance, and is subsequent to all the principal rock 
erosion of the region. In presence of these facts, our failure to find 
seashells, or indeed the total absence of seashells, would not weigh 
strongly in the balance against the inference that they indicate a re- 
cent water level of the Black sea. 

Since returning home one of my pupils, who is skilled in such in- 
vestigations, informs me that he has found a similar deposit near 
Samsoun, which is also upon the Black sea about one hundred miles to 
the west. But I will not anticipate the full statement of the facts 
which I hope to make when the present pressure of my daily duties 
shall be removed. G. Frederick Wright. 

Oberlin, July 22, 1901. 

Billings and His Bibliography : Will you please add the following 
titles to the bibliography of Elkanah Billings, given in the May num- 
ber of the American Geologist? I am indebted to major A. W. 
Vogdes of Brooklyn, for four of these references. 

i860. 

Additional Note on the Potsdam Fossils Amer. Jour. Sci & Arts, 
Vol. 30, i860, 2d Ser., pp. 337-33S; New Haven, Conn. 

1862. 

On professor Hall's Claim of Priority in Determination of the Age 
of the Red Sandstone of Vermont. Amer. Jour. Sci. & Arts, 2d 
Ser., Vol. 33, pp. 370-376, 1862; New Haven, Co»n. 

1865. 

Notiee of Some New Genera and Species of Palaeozoic Fossils. Can. 
Nat. & Gcol., Vol. 2. 2d Ser., pp. 425-432, Dec, i»t)5; Montreal, 
Canada. 

1869. 

Note on the Structure of the Blaistodea. Amer. Jour. Sci. & Arts, 
Vol. 47, p. 353, 1869; New Haven, Conn. 

1872. 

On Some New Species of Paleozoic Fossils. Amer. Jour. Sci. & 
Arts, Vol. 3, 3d Ser., pp. 352-360; New Haven, Conn. 
Ottawa, Can. H. M. aml 
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PERSONAL AND SCIENTIFIC NEWS. 



Professor W. M. Davis is in the west, on a second geolog- 
ical trip to the Grand Caiion. 

Prof. H. F. Osborn spent part of June inspecting the work 
of his exploring parties in Wyoming. 

Mr. S. F. Emmons will make a supolementary report on the 
Leadville mining district of Colorado. 

Dr. C. p. Berkey, of Minneapolis, made a professional 
visit, in July, to mining points in Montana. 

Dr. W. D. Matthew, of the Am. Mus. Nat. Hist., is in 
eastern Colorado hunting for fossil vertebrates. 

At Johns Hopkins University Dr. H. p. Reid has been 
promoted to the professorship of geological physics. 

Dr. U. S. Grant, of Evanston, was enegaged recently in 
the investigation of certain graphite deposits in Georgia. 

Dr. Jos. Le Conte, professor of geology and natural his- 
tory at the University of California, died June 6, aged 88 years. 

Mr. Geo. H. Eli)redc;e will examine and report on the oil 
regions of California for the United States Geological Survey. 

Mr. J. B. Wood worth is continuing, for the New York 
survey, his study .of the problems of submergence in the state. 

The Ontario Bureau of AIines has a fine exhibit of the 
minerals and ores of the Province at the Pan-American Expo- 
sition. 

Dr. E. O. Hovey, of the Am. Mus. Nat. Hist., is spending 
several weeks m the Black Hills region collecting Jurassic in- 
vertebrates. 

A Professorship of Geology has been established at the 
University of Colorado, the first appointment being Doctor N. 
M. Fenniman. 

Mr. J. S. DiLLER, of the United States Geological Survey, 
will examine the geology of the mining district at Bully Hill, 
Shasta county, California. 

Profes.sor W. G. Tight, of Denison University, has re- 
«ig^ed, to become president and professor of geology in the 
University of New ■Mexico. 

The Honorable C. D. Walcott was recently given an 
lionorary LL. D. at Chicago University, and Mr. Arnold 
Hague a D. Sc, at Columbia University. 

Mr. G. D. Huhmard. recently a graduate student at Har- 
vard University, has been appointed instructor in geography at 
the State Normal School, Charleston, Illinois. 

Dr. Gilbert \'ax Tngen has severed his connection with 
Columbia University and, during the present season, is engaged 
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in field work on the lower paleozoic fonnations about the Adi- 
rondack mountains for the New York geological survey. 

In western Wyoming oil was accidentally discovered by 
the operators in the construction of a railroad. It naturally 
flowed about five barrels per day. Immediately numerous com- 
panies were incorporated, and large tracts of land were taken 
up for oil prospectors. 

The death of Dr. Theo G. White, an active and able 
young geologist, of New York, July 7, is the cause of deep and 
sincere regret. There is a peculiar sorrow connected with the 
decease of such a young man, well equipped for his profession, 
who had a resasonable expectation and promise of many years 
of honorable service. We may present in the future a more suit- 
able sketch of his life. 

The Missouri Geological Survey. — Governor A. M. 
Dockery on May 23d appointed a new lx>ard of managers of 
the Bureau of Geology and Mines. On June 14th, the follow- 
ing gentlemen were elected as officers of the board : Prof. E. M. 
Shcpard, Springfield, Mo., vice-president ; Dr. E. B. Craighead, 
secretary ; Col. H. H. Gregg, Joplin, Mo., and Dr. W. S. Allee, 
Olean, Mo. The Legislature ordered the removal of the survey 
headquarters to the School of Mines at Rolla. The state geol- 
ogist will soon be appointed. 

Doctor R. A. Daly has resigned his position as instructor 
in physiography at Harvard University, to accept a position 
on the Geological Survey of Canada. The work to which he 
has been assigned is the survey of a belt of country immediately 
adjoining the international l)oundary, on the Canadian side, 
and extending across the continent. The start was made about 
July 7th, near the foot of Mt. Baker, and Dr. Daly will keep 
pace with the party which is making a re-survey of the bound- 
ary. On account of this call, the expedition planned for 
Greenland and Baffin Land had to be abandoned, although ar- 
rangements down to the last detail had been made for it. 

Mount McKinley. Mr. Robert Muldrow, in theNational 
Geographic Magazine for August, gives an account of the high- 
est mountain in North America, 20,464 feet. It is in Alaska, 
situated at the headwaters of the Sushitna and Kuskokwim riv- 
ers. The range is a portion of the Cordilleran system of 
North America. The mountain group is extremely rugged, 
and is covered with snow and ice to within 2,000 or 2,500 feet 
of the sea level, giving source to numerous glaciers. This 
mountain was first named and described in print by Mr. W. A. 
Dickey. Mr. Muldrow in 1898 made triangulation measure- 
ments from six diflFerent points. The average, for altitude, is as 
given above, and the latitude is 63** 5' north, the longitude be- 
ing 151" west. 
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THE BASIC ROCKS OF NORTHEASTERN MARY- 
LAND, AND THEIR RELATION TO 
THE GRANITE. 

Arthur Gray Leonard, Des Moines, Iowa. 
PLATES XV-XIX. 

INTRODUCTION.* 

This paper contains the results of the study of a Hmited area 
of igneous rocks in which are found a number of different types 
ranging all the way from acid to ultra-basic. It is intended to 
show that these types are intimately associated in their geologi- 
cal occurrence and closely related in composition ; that many of 
the types graduate into others by intermediate varieties, and 
that they probably represent facies of one original magma. 

The study of these eruptive rocks was suggested by the 
late professor G. H. Williains, and the field work was com- 
menced and carried on during the greater part of the month of 
June, 1893. At the same time the investigation of the granites 
lying just to the south was taken up by G. P. Grimsley and the 
results of his studies have already been published. f Accom- 
panying his paper is a map, on which are represented not 
only the granites, but also the basic rocks lying to the 
north. The data concerning the distribution of the latter 
were furnished by the present writer and represent the views 

•The writer is under special obligation to Dr. II. F. Reid, of the Johns 
Hopkins University, for the photomicrographs In tnls paper, which were 
made in the geological laboratory of the University. He is also much indebted 
to professor W. li. Clark and Dr. E. B. Mathews, of the same University, for 
helpful suggestions and for asslst.ance rendered in many ways. 

tThe granites of Cecil rountv in northeastern Maryland. Jour. Cincinnati 
Soc. Nat. Hist., Vol. 17, pp. 5D-G7 ; 78-114. Cincinnati, 1894. 
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held after the preliminary survey of the field. Subsequent 
work has led to some changes in the boundaries of the gabbro 
and serpentine and has brought to light additional rock types 
which are not represented on the previous map. 

It was later found necessary to discontinue the study of the 
area and not until the autumn of 1897 was the work resumed. 
The region was then revisited under the auspices of the Mary- 
land Geological Survey and the investigations were extended 
beyond the area previously studied. 

GENERAL DESCRIPTION OF THE AREA AND ITS 

ROCK TYPES. 

Location and Extent, The area of basic rocks treated in this 
paper lies within the belt of ancient crystallines which extends 
along the eastern flank of the Appalachian mountains, forming 
what is known as the Piedmont plateau. The formations which 
compose the Piedmont region are generally considered as pre- 
Cambrian and are therefore Archean and Algonkian in age. 
They are separated from the coast by the unconsolidated depos- 
its of the Coastal plain. In Mar}'land the crystalline region is 
divisible into two portions ; the western half consists of unfos- 
siliferous and only slightly metamorphosed rocks which are of 
undoubted sedimentary origin ; in the eastern division the rocks 
are wholly crystalline and show little or no certain evidence of 
clastic origin except in such infolded masses as the Deer Creek 
quartzytes and Peach Bottom slates. . In this eastern portion of 
the Piedmont belt the rocks are chiefly gneisses, schists and 
marble, through which have broken eruptive masses of granite 
dioryte, gabbro, pyroxenyte and peridotyte. It is with one of 
these areas of eruptive rocks that this paper deals. 

The rocks under discussion form a long, narrow belt ex- 
tending in a general southwesterly direction from a point in 
Cecil county eleven miles west of the Delaware line, through 
Harford and into Baltimore county, to a point fifteen miles 
northeast of Baltimore. It has a length of about thirty-five 
miles and a width varying from two to three miles. The Sus- 
quehanna has cut its channel across this mass of igneous rocks, 
dividing it into two parts. This paper treats especially of that 
portion lying to the east of the river, in Cecil county, embracing 
an area of approximately twenty-two square miles. The types 
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herein described are representative of those occurring through- 
out the entire beh and possess a special interest on account of 
the close association of the basic eruptives with the granites 
which border them on the south. 

In addition to the larger mass there are three smaller ones. 
The "Stony Forest" area is the most extensive of these and is 
situated in Harford county, between five and six miles east of 
Bel Air. It has a length north and south of five miles and 
width of about three miles. Of the other two, which are not as 
large, one lies just north of Calvert (Brick Meeting House), 
extending a short distance into Pennsylvania, and the other 
about one-half mile northeast of Elkton, near the eastern border 
of the state. The latter, as shown by Chester, is a western pro- 
longation of a larger area in Delaware. 

AREAL DISTRIBUTION AND GENERAL DESCRIP- 
TION OF ROCK TYPES. 

The rocks embrace many different types distributed in a 
series of zones trending northeast-southwest. They include 
quartz-mica-hornblende-diorytc, quartz-diorytc, noryte, gabbro, 
pyroxenyte, peridotyte, serpentine and diabase. Occurring 
along the southern margin of the area next the granites are the 
quartz-mica-hornblende-diorytes, or tonalytes. Passing north- 
ward these are in general succeeded by coarse-grained horn- 
blende-diorytes, which commonly carry considerable quartz in 
g"ood sized grains. These hornblendic rocks are in turn fol- 
lowed by norytes and gabbros, which are bordered on the north 
by the serpentine mass. The latter lies along the edge of the 
area and extends across the line into Pennsylvania. Coarse 
pyroxenytes are found along the boundary between the noryte 
and serpentine and both non-feldspathic types occur in dykes 
within the gabbro and noryte. (See map, plate xv.) 

It is not possible to draw any sharp line of separation be- 
tween the granite and tonalyte, for these are connected by in- 
termediate types and thus graduate the one into the other. The 
tonalyte varies considerably in appearance according to the fine- 
ness or coarseness of the grain and the relative proportion of 
the light and dark constituents. As a rule it is a medium 
coarse-grained, granular rock of a grayish color. Dark patches 
or segregations of finer grained material rich in biotyte fre- 
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of quartz noryte and olivine noryte was collected but these 
varieties are rarely found. Still mpre interesting is the oc- 
currence of a saussurite noryte in which the feldspar is com- 
pletely altered to zoisite and the hypersthene partially changed 
to fibrous hornblende. A porphyritic variety with large phen- 
ocrysts of diallage occurs at the Mount Hope church. With an 
increase in the amount of diallage the norj-te passes over into 
hypersthene-gabbro. While this rock is in general more com- 
pact and somewhat darker in color than those just described, 
it often bears a close resemblance to them. The diallage is 
seldom more abundant than the orthorhombic pyroxene and the 
latter is always present in large amount. 

If compared with the diorj'tes occurring along the southern 
border of the area, the hypersthene-gabbros, as well as the 
norytes, are seen to be noticeably finer in grain. Where the 
gabbro outcrops at some points, notably along Octoraro creek 
and on the Susquehanna, it is seen to have been considerably 
altered and bears slight resemblance to the original rock. The 
plagioclase is no longer bright and transparent, but is changed 
to a dull, opaque saussurite, while the pyroxene has also altered 
into a greenish, fibrous hornblende. The resulting rock, which 
is a typical saussurite gabbro, has a light greenish color and a 
mottled appearance due to the white and green minerals com- 
posing it. Olivine gabbro is of rare occurrence in this region, 
only a few specimens being found. 

By the alteration of the pyroxene to secondary hornblende 
the hypersthene-gabbro has in some cases been changed into 
gabbro-diorA'te or metagabbro. But this metamorphic process 
does not appear to have gone on very extensively and these 
secondary dior}'tes are comparatively rare. 

Numerous diabase boulders were observed just east of Ris- 
ing Sun, and at various points near the railroad between that 
locality and the state line. These are doubtless derived from 
the trap dike traced by H. C. Lewis through southeastern 
Pennsvlvania to the Marvland boundary, which it crossed not 
far from Sylmar station.* The rock is very fine-grained and 
compact. 

Pyroxenytes and pcridotytcs occur in dikes and lens-shaped 
masses in the noryte and gabbro. The former is also abundant 

'American rhilosophical Society. May 15, 1885, 10 pp. 
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along the serpentine border, where it appears to be a basic 
facies of the noryte, into which it merges by intermediate 
varieties. This non-feldspathic type is a coarse-grained aggre- 
gate in which the constituents can readily be distinguished; 
they are a reddish brown hypersthene with which is associated 
a greater or less amount of greenish diallage. These pure py- 
roxene rocks are found in the vicinity of Oakwood, along the 
state line north of Rising Sun and at several other localities. 

The peridotytes are likewise coarse-grained and frequently 
have a porphyritic structure. They contain olivine in addition 
to the pyroxenes. The largest mass is near the Mount Hope 
church, one mile and a half northeast of Rising Sun, where the 
rock has the peculiar mottled appearance known as poikilitic, 
due to the dissemination of small grains of greenish olivine 
through large individuals of pyroxene. When the light is re- 
flected from a cleavage surface these grains form dull spots. 
Other localities for these olivine rocks are at the Oak Grove 
schoolhouse, two miles northwest of Rising Sun; along Oc- 
toraro creek above the paper mill, and beside the railroad just 
south of Conowingo. 

The serpentine borders the noryte-gabbro mass on the 
north. It is known as the "State Line serpentine'* on account 
of its occurrence along the boundary between Maryland and 
Pennsylvania. The greater portion of the mass lies across the 
line in Chester county. The southern margin coincides apn 
proximately with the line as far west as Octoraro creek, where 
it bends to the south and enters Cecil countv. The area has a 
length east of the Susquehanna river of seventeen miles and 
an average width of one mile. Between Conowingo creek and 
the river there is another small mass of serpentine which ex- 
tends across from Lancaster county, Pennsylvania. The region 
over which this rock outcrops presents an uninviting and deso- 
late apeparance, making very appropriate the term "barrens," 
which is often applied to it. 

PETROGRAPHICAL DESCRIPTION OF ROCK TYPES. 

DIORVTE. 

The diorytes are confined to the southern edge of the area 
where they form a belt varying from one to one and a half 
miles in width, the widest portion being near the eastern end. 
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They are found best developed in Cecil county, where they lie 
between the granites on the south and the gabbros and norytes 
on the north. While the diorytes are found west of the Sus- 
quehanna river in Harford county, they do not there fomi so 
well defined a zone bordering the main eruptive mass. 

It is not possible to draw any sharp line of separation be- 
tween the granite and dioryte. On the south this rock passes 
by intermediate types into the biotite-granite of the Rowlands- 
ville area, which, as will be shown later, has very much the 
composition of a dior>^te. Along the northern border the 
diorytes are intimately associated with the gabbros and norytes, 
but the transition from one to the other is not well marked, as 
in the case of the granites, and intermediate types between 
the pyroxene and hornblende rocks are rare. 

Two varieties of dioryte are present in the area, namely, a 
quartz-dioryte and a quartz-mica-hornblende-dioryte. The for- 
mer is confined for the most part to the northern portion of the 
dioryte belt, next to the norytes ; the latter is found mostly in 
the southern portion where it passes into the biotite-granite. 
For the purpose of description it will be convenient to consider 
these separately, taking up first the most acid variety. 

QuartZ'inica-hornhlende-dioryte, This rock is found at 
many points between Rising Sun and the Susquehanna; it is 
abundant along Stone run, extending south of that stream as 
far as the Harrisville road ; large boulders of it are numerous 
at the foundry, and at Harrisville, and outcrops occur at the 
junction of Stone run and Octoraro creek, at Porter Bridge, 
and along the road leading westward from the bridge to the 
Rowlandsville road. Across the Susquehanna river in Har- 
ford county good localities for this rock are near Darlington 
and one mile east of Thomas Run P. O., on the sputh side 
of Deer creek. 

This dioryte varies considerably in appearance according 
to the fineness or coarseness of the grain and the relative pro- 
portions of the light and dark constituents. As a rule it is a 
medium- coarse-grained, granular rock of a grayish color, such 
as that occurring south of Stone run. It is very granitic in ap- 
pearance and might easily be mistaken at first sight for a horn- 
blende-granite. The dioryte of the Porter Bridge region is 
"darker in color, often fine-grained, and the hornblende usually 
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occurs in good sized allotriomorphic individuals which oc- 
casionally reach a length of over one-quarter of an inch (six 
millimeters). This tendency toward the development of a por- 
phyritic structure is quite marked in some cases. 

Dark patches or segregations of finer gfrained material rich 
in biotite frequently occur in these rocks. No evidence was 
found for considering them as inclusions rather than segrega- 
tions. As already stated, the dioryte varies considerably in 
grain within short distances and these dark patches appear to 
be merely accumulations of such fine grained material. These 
segregations, which are also found in the Rowlandsville gran- 
ite, do not increase in size or number as the diorite mass is ap- 
proached. They will be considered more at length in another 
place. 

The mineral constituents of this dioryte which can readily 
be distinguished are hornblende, biotite, plagioclase, quartz^ 
and a little orthoclase. Some accessory magnetite and apatite 
is usually present, together with a little zircon and sphene 
(titanite). Garnets are not uncdmmoo and epidote and chlorite 
occur as secondary minerals. Mineralogically these diorytes 
containing biotite and quartz maybe classed as tonalytes, though 
they contain a relatively larger proportion of the ferro-magnes- 
ian constituents than the typical tonalyte from Adamello, de- 
scribed by vom Rath,* and are poorer in silica. Through a 
decrease in the hornblende and a corresponding increase in the 
biotite they pass into the biotite-granite or mica-dioryte and by 
a loss of biotite and corresponding increase of hornblende they 
graduate into the quartz-dioryte. Such transition types are of 
common occurrence. 

The feldspar of these quartz-mica-hornblende-dior>'tcs is 
mostly acid labradoritc, though some orthoclase is also present. 
Stauroscopic measurements on cleavage pieces gave — 5" to 
— 6" on oP (001) and — 15' to — 17° on x P oT (010). With the 
loss of the hornblende and increase in the amount of feldspar 
and quartz the plagioclase grows more acid and in the biotite- 
granite (mica-dioryte) it was found to be oligoclase. The 
feldspar is usually finely striated, due to repeated twinning ac- 
cording to albite law. Occasionally one set of striations is 
crossed by another nearly at right angles, indicating the pres- 

•Zelt. dor deutschen rooI. (Jesellsch., XVI, 1804, p. 249. 
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ence of twinning according to both the albite and pericline laws. 
Zonal structure is frequently found but is more or less ob- 
scured by the alteration which has taken place in the feldspar. 
The plagioclase is quite free from inclusions and differs in this 
respect from that of the gabbros and norytes. 

The alteration of the feldspar to epidote has gone on very 
extensivjsly. All stages of this progress of epidotization were 
observed from that in which the change has only just com- 
menced to that in which the epidote has almost replaced the 
original mineral. At first the plagioclase contains only small 
scattered crystals and the twinning lamellae are still evident. 
As the alteration progresses the epidote crystals become mor6 
numerous and crowded together; larger individuals also ap- 
pear, often with no regular crystal outline. The feldspars in 
the sections now appear opaque on account of the accumula- 
tion of minute, closely compacted crystals which fill them and 
prevent the light from passing through. The hand specimens 
show that the feldspars hiave lost their glassy appearance and 
become dull and white. The crystals of epidote have no defi- 
nite arrangement, but are distributed in an irregular manner 
through the host. In most instances the outer edge of the 
crystal is free from epidote, the latter being confined to the 
inner portions of the feldspar individuals. 

The hornblende, which is compact and green, is, next to the 
' feldspar, the most abundant constituent. It seldom occurs in 
well defined crystals, but is usually in imperfectly- developed in- 
dividuals or confused aggregates. Occasionally, as in some 
of the diorytes near Porter Bridge, the prismatic faces are well 
developed and give rise to columnar forms which on weather- 
ing stand out upon the surface. Twins are not uncommon, 
the twinning plane being the orthopinacoid. One basal section 
of such a twin showed several twinning lamelL-e intercallated 
between the two larger halves. 

The pleochroism is very pronounced and does not differ 
from that usually found in hornblende. 

Quartz is an abundant constituent of most of the diorytes. It 
is commonly in good sized grains readily distinguishable in the 
hand specimens and usually of a beautiful blue color. The 
larger individuals not infrec|uently show shattered borders due 
to mechanical deformation, and this granulation may effect the 
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entire gfrain, which is broken into pieces. These unite to form 
a mosaic of interlocking fragments which still preserve the out- 
line of the original grains. The quartz is filled with numerous 
very minute fluid inclusions. Occasionally it contains in addi- 
tion many fine needles, probably of rutile, but they are too 
small for the satisfactorv determination of their character. 

Bio tit e occurs in plates or lamellae without crystal bound- 
aries. It is very strongly pleochroic, the rays parallel to the 
cleavage (b and c) being dark brown, and those at right 
angles (a) light yellow. Inclusions of apatite, epidote and 
magnetite are common in the biotite. 

As accessory constituents magnetite and apatite are almost 
always present, and titanite occurs occasionally. The epidote is 
never absent from these diorytes and though it may in some 
instances be primary it is usually a secondary product devel- 
oped during the alteration of the feldspar. It commonly oc- 
curs in well defined cr}'stals, irregular grains or compact aggre- 
gates. 

Q^iartz-dioryte. As already stated the quartz-diorytes oc- 
cur chiefly along the northern lx)rder of the dior\^te belt next 
the norytes and gabbros. As one passes north across the area 
the dioritic rocks are seen to grow darker in color, and there is 
a decrease in the amount of biotite accompanied by a corre- 
sponding increase in the hornblende. The quartz-dioryte and 
the tonalyte are thus connected by intermediate types and grad- 
uate into each other. By a decrease in the amount of quartz 
this rock passes into a true hornblendc-dioryte. 

Among the many localities where the quartz-dioryte occurs 
the following: may be mentioned ; north of Rising Sun along 
Stone run ; at McKinsey's mill on the same stream, where it 
outcrops near the bridge, and along the Susquehanna one mile 
below ConowingQ. In Harford county it is found one half 
mile south of Bel Air, along Deer creek, one and half miles 
southwest of Darlington and at numerous other points. 

The quartz-dior}'tes have a medium coarse-grained texture 
and are dark, almost black, in color. On a fresh surface they 
have a mottled appearance due to the black hornblende stand- 
ing out against the white feldspar and quartz. The minerals 
composing the quartz-dioryte are plagioclase, (juartz, horn- 
blende, and occasionallv a little accessory biotite. Other 
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cessory constituents shown under the microscope are magnetite 
and apatite together with a Httle titanite (sphene) and zircon. 
Epidote and chlorite are common secondary minerals. 

The feldspar is acid bytownite. Stauroscopic measure- 
ments showed extinction angles on oP (001) of — 18" to — 20' 
and on the « Pa (010) of — 30^ The specific gravity as de- 
termined by means of the Thoulet solution was in one specimen 
2.71, in another 2.72. 

Quartz is occasionally present in small amount and cannot 
be detected without the aid of the microscope. The rock thus 
passes into a true hornblende-dioryte with a little accessory 
quartz, and this type is very basic in composition as shown by 
the accompanying analysis. As a rule, however, the quartz 
occurs in good sized grains and is blue in color, resembling in 
all respects that found in the tonalytes. The hornblende does 
not differ from that already described under the quartz-mica- 
homblende-diorytes. 

Metamorphic changes. The diorytes have undergone con- 
siderable alteration through the extensive epidotization of their 
feldspar. The various stages in this process can be traced 
from where there are only scattered crystals of epidote and the 
plagioclase is still clear and bright to where, as an opaque white 
mass, it is almost wholly replaced by a compact aggregate of 
separate epidote individuals. In no instance was complete re- 
placement observed to have taken place, although often only 
slight traces of the original feldspar remain. This is genetical- 
ly the same process as the saussuritization of the feldspar that 
has gone on so extensively in the gabbros and has resulted in 
the replacement of that mineral by zoisite. In the latter case no 
iron is required, while in the formation of epidote this element 
is necessary. It is doubtless derived from the hornblende, or 
in case of the dioryte containing biotite some of the iron may 
be supplied from the latter source. 

The following very complete analyses of both varieties of 
the dioryte were made by Mr. W. F. Hillebrand of the United 
States Geological Survey. I is an analysis of a typical quartz- 
mica-homblende-dioryte from near the foundry on Stone run. 
This rock, which is quite granitic in texture and appearance, is 
composed of labradorite, quartz, hornblende and biotite, togeth- 
er with a little magnetite, apatite, titanite (sphene) and ortho- 
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clase. An analysis of a somewhat more basic varietv of the 
same rock from an outcrop on Octoraro creek at Porter 
Bridge, is given under II. It differs from the other dioryte 
chiefly in structure and is typical of the rock occurring in the 
vicinity of Porter Bridge. Ill is an analysis of a homblende- 
dior\'te poor in quartz from three-quarters of a mile northwest 
of Rising Sun. It is composed of bytownite and hornblende 
with a little quartz, magnetite, apatite and titanite (sphene). 
This rock contains less quartz and is therefore somewhat more 
basic than the true quartz-dior>tes of the area. This analysis 
(III) agrees closely with that of a dioryte from Thuringia 
which Rosenbusch* gives as an example of a dior\'te poor in or 
free from quartz. The Thuringia rock is likewise composed 
of bvtownite and hornblende. 

I. 

Si02 58 57 

Ti02 1.41 

Zr02 09 

AI2O8 16.10 

V2OS 02 (018) 

Cr20s none 

Fe203 2.89 

FcO : 6.12 

NiO, CoO none 

Mn 18 

CaO 7.39 

SrO trace 

BaO trace 

MjjO 2 33 

K2O 1.01 

Sa-jO 2.11 

Li20 trace 

H2O below lO.'i C. .21 
H2O above lO'j C. 1.27 

V'j(K'. 37 

f'cSa' trace 

CO'j ;.,. none 

CI nnilet. 

V\ niulct. 



"^1* Kr 



100 07 
2 HIM) 



II. 


III. 


55.16 


44 04 


.64 


2.24 


.02 


.10 


17.51 


20.01 


.04 (036) 


.05 (053) 


trace 


none 


2.62 


4.22t 


5.83 


8.61t 


.01 


.01 


.15 


.28 


8.50 


11.68 


trace 


none 


trace 


none 


4.35 


5.01 


1.08 


.15 


1.83 


1.24 


trace 


trace 


.18 


.11 


2.01 


1.90 


.21 


.52 


§.30 (02 S) 


.25(135 8) 


none 


none 


nndei. 


undet. 


undet. 


undet. 


100.17 


100.42 


2.902 


3.037 



♦ ."^iirijiM r tfi « «ii I ff f loll for lfillii<'ti« •> «»f |Missili|»> |iyrrh<»tiTo. 
:.<^iiiiiii>ir ( Hii iii»ii'-fi .14 I »•.•«.;. hill ♦•xl^fM MS i»vrrh«»ilt»* or other sulphides 
fohilil- fit Iff I 
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NORYTE. 

The norytes are closely associated with the liypersthene- 
^bbros and together they form a long and narrow belt border- 
ing the diorytes on the north. The area occupied by these pyr- 
oxene rocks extends from the vicintv of Reckord, on the Little 
Gunpowder, across Harford and northeast Cecil counties to the 
Pennsylvanian line. It here chang-es its course and runs parallel 
to the boundary, gradually narrowing to the east. W,hile these 
two types are associated thus closely and merge into each other 
so that no sharp line can be drawn between them, it will be ad- 
vantageous to consider each one by itself. 

'The norytes are not confined to any particular portion of the 
district, but have a wide distribution throughout the area of 
"basic rocks. Good outcrops are found along the Susquehanna, 
l>oth above and below the mouth of Conowingo creek, and also 
on either side of Octoraro creek above the paper mill. Bould- 
ers of noryte are common at many points between Stone run 
and the state line, near Oakwood, along the serpentine border 
south of Rock Springs, and at numerous other localities. In 
Harford county they are abundant at Dublin, Castleton, and at 
Husbands Forge on Deer creek. The rock of which these out- 
•crops and boulders are composed varies widely in color and 
texture. Some are dark, others are light colored, while many 
have a purplish tinge. As a rule, they are medium coar.se- 
grained, but not as coarse as the diorytes. They are some- 
times firm and compact, but more commonly have a rather 
loose texture and a more or less crumbly appearance. But as a 
matter of fact the gfrains arc held firmly together and the rock 
does not readily break in pieces. Quite a common type is one 
composed of rounded grains of reddish-brown hypersthene 
and colorless feldspar, the latter mineral forming but a small 
part of the mass and serving as a cement for the rest. This 
variety approaches pyroxenyte in composition and graduates 
into the latter type by intermediate stages. A porphyritic 
noryte was found near the Mount Hope church. This con- 
tained good sized phenocr}'sts of diallagc, some measuring one- 
Tialf an inch (13 millimeters) in length, imbedded in a fine- 
grained groundmass of plagioclase and hypersthene. The dial- 
lage contained inclusions of the latter mineral. In another var- 
iety which was seen just north of Conowingo the minerals 
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have a linear arrangement, thus giving the rock a well marked 
banded appearance. 

A characteristic feature of the norytes is the development of 
secondary hornblende along certain planes. This shows itself 
in narrow green bands or lines traversing the rock in various 
directions and standing out on weathered surfaces. When a 
number of these are present they give the rock a greenish 
color. 

Almost without exception the norytes are remarkably fresh 
and unaltered. They are readily seen with the unaided eye to 
be composed of a clear, glassy feldspar and a reddish-brown or 
dark hypersthene which may or may not possess a bronzy lusj:re. 
In addition to these essential constituents the rock is shown by 
the microscope to contain a little accessory- diallage, together 
with magnetite, apatite and secondary hornblende. The mag- 
netite is bv no means abundant and is often absent from the 
sections. 

The feldspathic constituent is bytozimitc which was found 
to be slightly more basic than that of the diorytes. It gave ex- 
tinction angles as high as — 22'' on oP(ooi )and — 31* on x P x* 
(010). The specific gravity as determined by the Thoulet so- 
lution was 2.74. This mineral seldom exhibits crystal outlines 
but occurs in rounded or irregular grains. As in the diorytes 
the feldspar is commonly finely striated, though in some cases 
these twinning lamellae are wanting. Abundant inclusions, like 
those so characteristic of the plagioclase of the g^bbros, are 
usually found. 

The pyroxene is represented almost wholly by the ortho- 
rhombic variety, hypersthene. This occurs in grains that are 
more or less rounded and often elongated in the direction of 
the vertical ( c) axis. The most striking characteristic of this con- 
stituent is its marked and often brilliant trichroism. The rav 
vibrating parallel to the brachydiagonal axis ( a ray) is reddish 
brown ; that parallel to the macrodiagonal axis (b ray) is light 
greenish yellow ; while the one vibrating parallel to the vertical 
axis ( c ray) is green. There is a well developed cleavage par- 
allel to the unit prism, and in addition distinct partings parallel 
to the macropinacoid and brachypinacoid. These show them- 
selves in basal sections as two sets of cracks at right angles to 
each other and forming angles of 45° with the cleavage lines. 



Basic Rocks of Northeastern Maryland. — Leonard. 149 

Sections in prism zone showed an extinction parallel to these 
lines. ' 

Pieces cut parallel to the macropinacoid give in converged 
polarized light two optic axes and a bisectrix in the field, show- 
ing that the brachydiagonal axis is the acute bisectrix and that 
the mineral is positive. These optical properties establish the 
fact that this is hypersthene and not enstatite, bronzite or 
diallage. The specific gravity is 3.50. 

The inclusions, to which the hypersthene owes its bronzy, 
metallic lustre, are commonly quite abundant but may be entire- 
ly absent. They do not differ from those so often described as 
occurring in this mineral. 

Diallage is usually present in the norytes as an accessory 
constituent. It is readily distinguished from hypersthene by 
its lack of pleochroism. It occurs better crystallized than the 
latter mineral, being found in irregular grains which have a 
green color in transmitted light. In a specimen from near the 
Mount Hope church the diallage formed large porphyritic crys- 
tals with a prismatic habit, imbedded in a groundmass of hy- 
persthene and feldspar. The specific gravity is 3.28. 

The other accessory constituents are magnetite and apatite. 
The former is not always present and is usually not very abund- 
ant. 

Metamorphic changes in the norytes. For the most part 
these rocks have undergone but little alteration. The mos\ 
noticeable change is the one already mentioned, namely, the 
transformation along certain planes of the pyroxene into horn- 
blende. In the hand specimen these planes appear as narroAV 
green bands or lines traversing the rock in various directions, 
often parallel, and when examined under the microscope they 
are seen to have been formed by the alteration of the original 
constituents. The lines cross the slide from one side to the 
other, cutting across many individuals both of the pyroxene 
and bytownite. Along these zones the hypersthene has been 
changed into a colorless, or light green, fibrous hornblende. A 
narrow band of this secondarv' hornblende frequently passes 
through several hypersthene individuals which are elsewhere 
entirely unaltered. The feldspar is also transformed along 
these lines into a greenish mineral resembling chlorite. Oc- 
casionally small patches of zoisite are developed. Where these 
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planes have cut across twinning lamellae it was observed that 
no displacement of these had taken place and hence there could 
have been no shearing or slipping. The minerals traversed by 
the planes show no evidence of having been shattered. The 
alteration seems, in all cases, to have taken place along certain 
planes of stress produced by dynamic forces. Along these 
planes the rock has been subjected to a strain which 
has resulted, not in the mechanical deformation of the constitu- 
ents, but in the change of their mineralogical character. 

In the same rock the hypersthene is sometimes surrounded 
by a double rim of hornblende, the inner portion colorless, the 
outer green and more compact. 

Another metamorphic change in the noryte is the alteration 
of the feldspar into saussurite. In the study of these saussuri- 
tized rocks it is usually impossible to determine whether the 
original type was a gabbro or noryte, since all the pyroxene has 
been transformed into hornblende. In a specimen collected on 
the west side of Octoraro creek just south of the "horseshoe 
bend" remnants of the hypersthene still remained in the fibrous 
hornblende, leaving no doubt that in this instance at least the 
rock was a noryte. The orthorhombic pyroxene had lost much 
of its color, but was yet slightly pleochroic and contained the 
characteristic tabular inclusions. The feldspar had been en- 
tirely replaced by a whitish or greenish, opaque substance com- 
posed almost wholly of zoisite. In thin sections this mineral 
was colorless, with a rather high index of refraction but low 
double refraction, the interference colors being sometimes dull 
gray, more often a beautiful ultramarine blue. 

While it is not an uncommon thing for the gabbros to have 
their feldspar thus altered to saussurite, this is, so far as known, 
the first instance reported of a like alteration in the norytes. 
We have here a true saussurite noryte composed of zoisite and 
partially uraktized hypersthene. It is not improbable that many 
of the rocks described later as saussurite gabbros are really 
norytes. 

Five varieties of the noryte occur within the area under con- 
sideration, namely : 

1 . Noryte. 

2. Porphyritic noryte. 

3. Quartz-noryte. 
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4. Olivine-noryte. 

5. Saussurite noryte. 

The first named, made up almost wholly of hypersthene and 
bytownite, is by far the most common type, the other varieties 
being of rare occurrence. 

The porphyritic facies was found near the Mount Hope 
church and consisted of a rather fine-grained groundmass in 
which were imbedded large phenocrysts of diallage. 

The specimens of quartz-noryte were collected from a 
boulder near the junction of Stone run and Octoraro creek. It 
resembles very closely the quartz-noryte found at Mount Hope, 
near Baltimore, and described by U. S. Grant.* The quartz 
appears in limpid, colorless, or light blue grains, sometimes 
with a diameter of one-eighth of an inch (3 millimeters). It is 
filled with slender, hair-like needles, probably of rutile, though 
this could not be definitely determined. This quartz has 
every appearance of being an original constituent and not a 
product of replacement or infiltration. 

The almost entire absence of quartz from the pyroxene 
rocks of this area is noteworthy. It has already been shown 
to be an important constituent in the closely associated diorytes. 
Moreover, the gabbros near Wilmington, Delaware, not more 
than twenty-five miles to the east, are known to contain an 
abundance of quartz. But in this region the gabbros and 
norytes only rarely carry any free silica. 

A typical noryte (IV) from one mile west of the Oak 
Grove schoolhouse was analyzed by Mr. W. G. Hillebrand of 
the U. S. Geological Survey, with the following results. The 
rock is very fresh and composed of bytownite and hypersthene 
with some accessory magnetite. 

IV. 

SiOa 48.02 MnO 18 

TiOa 23 CaO 11.42 

ZrOa none SrO none 

AlaOa 20.01 BaO none 

YaOa 02(019) MpO 10.06 

CraOs 03(027) K2O 05 

FeaOa 1.13t Na20 51 

FcO 7.29t UO2 trace 

NiO, CoO.; 01 H2O below 105° C... .10 

* Johns Hopkins University Circulars . No. 103, Feb.. 1893. 
t Subject to correction for influence of possible pyrrhotlte. 
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H2O above 105° C... .57 CI uiidct. 

P2O6 trace Fl nndet. 



FeS2+ 11 (06 S)§ 99.98 

CO2 25 Sp. gr 2 980 

HYPERSTHENE-GABBRO. 

This rock, as already stated, is intimately associated with 
the noryte, into which it everywhere passes through the de- 
crease in the amount of diallage present. It is impossible to 
draw any line between these two types either in their geological 
occurrence or in their mineralogical composition. They occu- 
py the same area and no attempt has been made to separate 
them in plotting the distribution of the different rocks. The 
gabbro is less abundant than the noryte and where it does 
occur it is always rich in hypersthene. It is to be regarded as a 
mineralogical facies of the prevalent noryte. Fine exposures 
are to be seen along the railroad south of Conowingo, where it 
has been blasted to make room for the track. Outcrops also 
occur along Octoraro creek above the mouth of Stone run, and 
in the vicinity of Mount Hope church, while boulders of it are 
abundant at many points throughout the area, notably along the 
Harford turnpike for a mile northeast of Reckord and east of 
Conowingo on the Porter Bridge road. 

The gabbro resembles the noryte in color, ranging from 
light shades in those varieties rich in feldspar to dark colored 
where the pyroxene is the more prominent constituent As a 
rule they are more compact and do not have the crumbly ap- 
pearance of many of the norytes. In texture they are medium 
to fine-grained. A very coarse-grained facies of the gabbro 
was observed a short distance above the paper mill on Octoraro 
creek, some of the constituents having a length of nearly one 
inch (26 millimeters). 

In the hand specimens the minerals that can be readily dis- 
tinguished are feldspar, hypersthene, and diallage, while under 
the microscope the rock is seen to contain some accessory mag- 
netite and apatite. Olivine was found in only two specimens. 

The feldspar is bytownite and is in all respects identical 
with that of the norytes already described. It has been more or 

tBulphur calculated as FeSs. but exists as pyrrhotlte or other aolphlde mtU 
uble in HCl 

(I'erhaps mainly pyrrhotlte. 
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less altered to zoisite and is often wholly changed into saus- 
surite. In this regard it differs from the plagioclase of the as- 
sociated pyroxene rocks which is as a rule very fresh and unal- 
tered. 

It is not necessary to add anything more to the description 
already given of the diallage and hypersthene. The former 
mineral is not present in large amount and while it varies con- 
siderably it is rarely more plentiful than the orthorhombic 
pyroxene. The former is by far the most important of the ferro- 
magnesian constituents occurring in these basic rocks. Magne- 
tite is seldom absent and apatite, while frequently found, is by 
no means abundant. 

Olivine is rare in the gabbros and norytes of this region, 
having been observed in only two specimens, one from the 
small area northeast of Elkton, the other from near Oak Grove 
schoolhouse, one and one-half miles northwest of Rising Sun. 

Metamorphic changes in the gabbro. The gabbro of this 
area has undergone considerable alteration which has resulted 
in the change of its feldspar into saussurite and its pyroxene 
into hornblende. The metamorphosed rock thus nroduced is a 
typical saussurite gabbro. The saussurite is found under the 
miscroscope to be composed almost wholly of crystals and ir- 
regular grains of zoisite. Some good sized patches of the 
latter g^ve no evidence, even with the highest ppwer, of being 
formed of small individuals. On the other hand, the larger 
masses are frequently seen to be not single crystals but aggre- 
gates made up of separate grains and crystals. Prisms of 
zoisite without terminal faces are quite common. They show 
the perfect cleavage parallel to the vertical axis, the cross joint- 
ing at right angles to this, the parallel extinction and the biaxial 
interference figure with very small optic angle. The mineral 
is colorless, has a high index of refraction, weak double re- 
fraction, and is optically positive. In thin sections the saus- 
surite is as a rule quite clear and transparent, since the zoisite 
composing it is in good sized grains and crystals, but occasion- 
ally it becomes opaque. As already stated, the pyroxene of 
these gabbros has been changed into fibrous hornblende. The 
two chief constituents of the saussurite gabbro are therefore 
secondary hornblende (smaragdite) and saussurite. Some 
chlorite and a little secondary quartz are commonly present. 
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GABBRO-DIORYTE (METAGABBRO.)* 

Like the saussurite gabbros these rocks are formed by the 
metamorphic changes which have gone on in the hypersthene- 
pabbros, but in this case only the pyroxene has been altered, 
the greater portion of the feldspar remaining unchanged. 
There does not appear to have been a very extensive develop- 
ment of the gabbro-dioryte in this area and consequently the 
rock is not very abundant. Of the few localities where it was 
observed the best is in the vicinity of the Mount Hope church, 
one and one-half miles northeast of Rising Sun; it is here 
found in scattered boulders and also exposed in the railroad cut 
near by. 

The gabbro-dioryte may be distinguished from the true 
dioryte both by its finer grain and by its dark greenish color. 
The latter characteristic also serves to separate it from the 
gabbro and noryte which do not have the greenish tinge impart- 
ed by the secondary hornblende when present. The metagab- 
bro is commonb^ more compact than many of the pyroxene 
rocks. 

In the hand specimen the unaided eye can readily distinguish 
a clear, usually fresh, colorless or white feldspar and a green- 
ish, fibrous hornblende with a satiny lustre. The microscope 
shows that some magnetite, apatite and epidote are also pres- 
ent. The feldspar is bytownite as in the original gabbro and 
does not differ from that already described in connection with 
that type. It has not suffered much alteration and is as a rule 
clear and fresh; occasionally, however, a little secondary ep- 
idote is developed in the plagioclase. The hornblende is the 
common green pleochroic variety. It never shows crystal out- 
lines but occurs in fibrous masses or forms aggregates com- 
posed of numerous small individuals. When the hornblende is 
fibrous, as is commonly the case, these individuals are often 
colorless on the inside and surrounded by a green and more 
compact border. 

— ' ■ — ■ . . 

•The term gabbro-dioryte was first employed by A. K. Tomebohm (Neoes 
Jahrbuch f. Min. etc.. 1877. p. 391), was later (applied by Williams to the 
secondary diorrtes of the Baltimore region, and has since come into quite 
general use. Recently, however, it has been suggested that for much altered 
rocks which are of known igneous origin the term "meta" be prefixM to the 
name of the original rock. In accordance with this usage an altered gabbro 
would be designated a metagabbro instead of a gabbro-dioryte. (Report of 
Committee on Nomenclature of Igneous Rocks, appointed by the Director of 
the United States Geological Survey.) 
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The formation of hornblende from pyroxene is by no 
means uncommon and the alteration need not be described here. 

DIABASE. 

At several points between Rising Sun and Sylmar station, 
on the state line, boulders of diabase were found. These 
doubtless belong to the dike described by H. C. Lewis and 
traced by him as far as the Maryland line which it crosses prob- 
ably a little west of Sylmar.* The dike extends in a southwest 
direction through southeastern Pennsylvania, where it was 
followed for a distance of seventy miles. The width at some 
points was found to be one hundred feet. Its age is thought by 
the above writer to be late Triassic, since it cuts rocks of the 
latter age. 

Diabase boulders are quite abundant just across the rail- 
road east of Rising Sun and south of the wagon road ; they are 
also fAund in the fields south of the railroad at other points 
between here and Sylmar. G. P. Grimsley states that a diabase 
dike was traced for nearly a mile south of the town of Liberty 
Grove. Since these scattered boulders are in general arranged 
along a line having a northeast-southwest direction and extend- 
ing from the state line to the vicinity of the town above men- 
tioned, the evidence seems to be sufficient to warrant the repre- 
sentation of it which has been made upon the map. 

The rock is a fine-grained diabase which has a metallic ring 
when struck with the hammer. The weathered surface is cov- 
ered with a thin coating of red clay. Under the microscope the 
rock is seen to be composed of lath-shaped crystals of feldspar, 
irregular grains of augite and a little magnetite. 

PYROXENYTE. 

With a decrease in the amount of feldspar the noryte and 
hypersthene-gabbro pass over into rocks composed wholly of 
pyroxene. These pyroxenytes are common at many points 
along the border next the serpentine, where they are closely 
associated with the latter rock and also with the peridotyte. 
Intermediate types between the pyroxenyte and noryte are 
often found. Among the localities for the pure pyroxene rock 
may be mentioned the following: in the vicinity of Oakwood, 
especially just east of town at the Mount Pleasant academy; 

♦Proc. Amer. Philos. Soc, May 15, 1885, pp. 438-456. 
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aloTi|^ the serpentine border south of Rock Springs; about 
Sylmar and the Mount Hope church ; near the point where the 
west branch of Stone run crosses the state line, and along the 
railroad near the section-house below Conowingo. At the two 
last named localities the rock is exposed in outcrops and is as- 
sociated with peridotyte and serpentine. Near Conowingo it 
forms dikes in the noryte. These pyroxenytes are coarse, 
granular aggregates composed of rounded grains of diallage 
and hypersthene. In a hand specimen it is easy to distinguish 
these two minerals which make up the bulk of the rock. The 
diallage is dark green, almost black, while the hypersthene is 
commonly a reddish brown. The constituents often reach a 
length of from one-quarter to one-half an inch (7-13 milli- 
meters) and sometimes more. They vary in color from the 
dark green, almost black rocks rich in diallage to dark purple 
or reddish brown ones composed almost entirely of hypersthene. 

The hypersthene resembles that already described as occur- 
ring in the norytes and gabbros, though in the pyroxenytes 
the tabular inclusions were not observed. The mineral is 
readily distinguished under the microscope by its brilliant 
trichroism. 

The diallage is green in transmitted light and shows no 
pleochroism. The columnar structure so characteristic of 
bronzite and enstatite is often present in great perfecti(Mi, the 
mineral being composed of thin columns or prisms grown 
closely together, which give the diallage a coarsely fibrous ap- 
pearance. The prismatic cleavage is well developed but even 
more noticeable is the very distinct partinfj parallel to « P «" 
(100). Small cleavage pieces parallel to the orthopinacmd 
gave in converged polarized light an optic axis which had an 
eccentric position in the field. The presence of this inter- 
ference figure, together with the inclined extinctiwi C40') 
shows the mineral to be diallage and nol bronzite or enstatite. 
Basal sections also show an optic axis surrounded by scv*« 
bright rings. ■ 

The only other constituents besides those a'^^ r- 
are an occasional grain of magnetite and sc^ — 
feldspar. As the latter increases in amo""* 
uates into a noryte. A common infr- 
pyroxene rock very rich in hypersth*r 
plagioclase forms about one-tenth of the 



I 
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Two varieties of pyroxenyte occur in northeastern Mary- 
land, namely, a hypersthene-diallage rock (websteryte) and a 
pure hypersthene rock (hypersthenyte.) The latter, which has 
a coarsely granular texture, is the more abundant, being found 
at a number of different points, but especially in the vicinty of 
Oakwood and a short distance south of Conowingo. At the 
former locality the hypersthenyte seems to occur as a facies of 
the noryte, along the border* between the latter and the ser- 
pentine, while at the last named locality the rock forms a dike 
or dikes in the noryte. In places the hypersthenyte contains 
some olivine and thus passes into peridotyte. The websteryte 
is found near Oakwood and at various points, but perhaps the 
best locality for this rock is onej^and a half miles west of Sylmar. 
At this same place there is an outcrop of peridotyte along the 
road near the crossing of the west branch of Stone run. Like 
the other pyroxenyte type the websteryte is frequently found 
near the edge of the noryte mass, closely associated with the 
serpentine. The rock is a very coarse-grained aggregate, the 
allotriomorphic individuals often measuring one-quarter of 
an inch (6 to 7 millimeters) in diameter. Both varieties of 
pyroxenyte are remarkable for their freshness, many of them 
having undergone no alteration whatever. 

Pure pyroxene rocks, which are quite abundant in Mary- 
land, were first described, from here by G. H. Williams* who 
recognized two well marked types as occurring within the state, 
namely, a hypersthene (or bronzite)-diallage rock and one 
composed of the same orthorhombic pyroxene and diopside. 
To these two types a third must now be added, namely, one 
composed almost wholly of hypersthene — the hypersthenyte. 

The first type above mentioned occurs in Baltimore, Har- 
ford and Cecil counties, Maryland, and in Chester county, 
Pennsylvania. The latter occurrence is described by F. D. 
Chester, who states that the rock consists mainly of bronzite 
and diallage which are usually much altered. f The second 
type, the bronzite-diopside aggregate, occurs near Hebbville P. 
O., Baltimore county, and resembles the pyroxenyte from near 
Webster, North Carolina, assumed as the type locality bv Will- 
iams. 

♦Amer. Geol., July, 1890, dd. 35-49. 

tAnn. Kept. Geol. Surv., Penn., for 1887, p. 95, 1889. 
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Rocks composed largely of pyroxene and containing neither 
feldspar nor olivine have been mentioned by Hunt from Rouge- 
ment and Montarville, Canada;* by J. D. Dana and G. H. Will- 
iams frOTil the Cortlandt series of New York ;t by Hutton from 
the Dun mountains in New Zealand ;t by Turner from Mount 
Diablo, California, where the pyroxenyte is associated with 
peridotyte and gabbro ;§ and by Hatch from Madagascar, 1[ 

A word should perhaps be added concerning the usage of 
the term pyroxenyte. The name was first used by T, Sterry 
Hunt, who applied it both to intrusive rocks composed mostly 
of pyroxene.ll and to nests of pyroxene in the Archean lime- 
stones of Canada and New York.** 

G. H. Williams in i8go proposed that the term pyroxenyte 
be employed to designate those igneous rocks free from tx>th 
feldspar and olivine and this is now the generally accepted 
usage. Pyroxen\-tes composed wholly or chiefly of hypcrs- 
thene, which are found at various localities in Cecil county, 
are of rare occurrence. Such a rock with very little dtallage 
was found by Wulfing in blocks on Monte Matterone, near 
Bavano, Italy, and Adams notes rocks of this variety contain- 
ing a little bytownite, from Shipsaw and Ha-Ha-Bay, Canada. 
At the latter locality the specimens carried some hornblende 
and olivine." So far as known these are the only localities out- 
side of Maryland where the hyperstbenyte is found. 

The name hypersthenyte was first applied to rocks of the 
gabbro series composed chiefiy of orthorhombic pyroxene and 
basic piagioclase and it is still sometimes employed in that 
sense. But the term noryte is now more commonly used for 
such rocks and hypersthenyte is reserved for those pyroxenytes 
composed largely of hypersthene. 

As already stated, these pyroxenytes are as a rule remark- 
ably fresh and unaltered. But along the serpentine border 
and elsewhere within the area smaragdite and other fibrous 
amphibole rocks are very common and these have in all prob- 
ability originated from the pyroxenyte. When this alteratiaa » 



I. xi.v, 
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still in its early stages cores of pleochroic hypersthene may yet 
be seen surrounded by secondary hornblende, but commonly 
the former mineral has entirely disappeared. More or less iron 
oxide separates out during the change and is scattered through 
the mass in small grains of magnetite. 

The following analysis (V) of a fresh and typical web- 
steryte from Oakwood was made by Mr. W. F. Hillebrand, of 
the United States Geological Survey. The rock is a very 
coarse-grained aggregate of hypersthene and diallage. This 
analysis agrees very well with those given by G. H. Williams* 
for the two varieties of websteryte from Baltimore county. 



V. 



S1O2 53.21 

TiOa 26 

ZrOa trace 

AI2O8 1.94 

YaOa 03 (034) 

CraOa 20 

FeaOa 1.44 

FcO : 7.92 

NiO. CoO 03 

MnO 22 

CaO.. 13.12 

SrO none 

BaO none 



MgO 20.78 

K2O 07 

NaaO 11 

LiaO trace 

H2O below 105° C 14 

H2O above 105° C 87 

PjOs trace 

FeS2t 03 (02 S)$ 

CO2 10 

CI tindct. 

Fl nndet. 

100.47 
Sp. gr 3.34 



PERIDOTYTE. 

This rock forms several small areas within the noryte-gab- 
bro belt and also occurs at one point along the border between 
this and the serpentine. The largest mass is one and a half 
miles northeast of Rising Sun, at the Mount Hope church. The 
area extends in a northeast direction and is less than one- 
quarter of a mile long. The rock, which outcrops at numerous 
points, has weathered in such a way that it presents a very 
rough and pitted surface. Associated with the peridotyte is 
some pyroxenyte and smaragdite rock. Another area of 
much altered peridotyte is found one and a half miles northwest 
of Rising Sun near the Oak Grove schoolhouse. Peridotyte 
occurs as a dike outcropping along the railroad just below 

•Am. Geol. July. 1890. p. 35. 

tSuIphur calculated as FeSa, but exists as oyrrhotite or other sulphide 
soluble In HCl. 

tPerhaps mainly pyrrhotite. 
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Conowingo and is also exposed a mile and a half west of Syl- 
mar, near the state line, associated with pyroxenyte. These two 
types are in fact generally closely associated. While the peri- 
dotytes are at present not very abundant there is every reason 
for believing that much of the serpentine has been derived 
from them and hence that at one time they covered much or 
all of the large area now occupied by the latter rock. 

The rocks under discussion are dark brown or almost black, 
and, while they are as a rule coarse-grained, they vary widely 
in structure and appearance. The variety from the Mount Hope 
church locality exhibits well the peculiar mottled or poikilitic 
structure. There are large, brightly reflecting cleavage sur- 
faces of pyroxene dotted over with small grains of olivine, 
largely changed to serpentine, and it is these dull spots which 
give the rock its speckled appearance. Under the microscope 
the pyroxene extinguishes uniformly over large areas. An- 
other variety from the dike below Conowingo has a porphyritic 
structure caused by phenocrysts of pyroxene scattered through 
a groundmass composed of olivine and accessory hypersthene. 
This groundmass readily changes into serpentine through 
which are scattered the yet unaltered pyroxenes. Again, the rock 
may have a more or less banded appearance, as in the state line 
outcrop. This structure is produced by layers of compact, ser- 
pentinized olivine, alternating with other granular layers com- 
posed of pyroxene and some comparatively fresh olivine. 

The pyroxenic constituents of these peridotytes are hyper- 
sthene and diallage. Associated with these is more or less 
olivine and occasionally a little feldspar. In one specimen the 
latter had changed into zoisite. The pyroxene is readilv dis- 
tinguished by the bright cleavage surfaces and reddish-brown 
or dark green colors. The diallage does not differ from that 
already described in the pyroxenytes. In thick sections it has 
a green color and shows no pleochroism. The columnar struct- 
ure is well developed and many iiuIividiiaU include rounded 
grains of olivine. 

The orthorhombic pyroxene is represented by hypersthene, 
Cleavage pieces of this parallel to liie macropinacoid sliow fat 
converged polarized light two axes and a bisectrix..^ " "" 
The mineral is optically positive, the hrachy<li 
ing the acute bisectrix. The posit""* 
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together with the small optic angle and well marked trichro- 
ism indicate beyond any doubt that it is hypersthene and not 
enstatite or bronzite. The hypersthene sometimes occurs in 
porphyritic crystals measuring from a quarter to half an inch 
in length (6 to 13 millimeters). The olivine is as a rule not dis- 
tinguishable with the unaided eye except where it appears as 
dull spots on the cleavage surfaces of the pyroxene. It occurs 
in well rounded grains which have commonly been more or 
less altered into serpentine. The manner in which this change 
takes place does not differ from that so often described. The 
fibres of serpentine are arranged at right angles to the cracks 
which form a network traversing the olivine in all directions. 
The alteration is accompanied by the separation of considerable 
iron. 

Feldspar is occasionally present in these rocks in small 
amount. As already stated, it had in one specimen been al- 
tered to zoisite. The only other mineral observed was a little 
secondary fibrous hornblende. As a rule the pyroxene found 
in the peridotytes is quite fresh and unchanged. Many of the 
latter rocks which have undergone considerable alteration into 
serpentine still contain scattered through their mass good sized 
crystals of hypersthene or diallage, which show bright cleav- 
age surfaces. The porphyritic structure of the peridotyte 
appears to be the exception rather than the rule in this area, 
whereas in the Baltimore region Williams states that all the 
olivine rocks exhibit this structure.* 

Two distinct types of peridotyte appear in northeastern 
Maryland, namely, a diallage-olivine rock or wehrlyte, and a 
hypersthene-olivine rock or harzburgyte (saxonyte). The 
former usually contains a little accessory hypersthene and the 
latter may carry diallage in small amount. The two types 
thus merge into each other and no sharp line of separation can 
be drawn between them. 

The harzburg}'te appears to be exceptional in containing 
hypersthene instead of enstatite or bronzite, which are the 
orthorhombic pyroxenes commonly present in this type. A 
peridotyte of this kind with some hornblende and biotite is de- 
scribed by Cross as occurring in Cottonwood gulch, Custer 
county, Colorado.f The hypersthene was only slightly pleo- 

•Bul. U. S. Geol. Surv., No. 28, p. 50, 1886, and Amer. Geol., July, 1890, 
p. 28. 

tProc. Colorado Scientific Society, 1887, p. 228. 
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chroic and was rather poor in iron. So far as known this is 
the only occurrence outside of Maryland of the olivine-hyper- 
sthene rock. 

It has already been stated that these peridotytes alter very 
readily into serpentine and many of them have under- 
gone a more or less complete change into that rock. They 
doubtless represent the original type whence were derived the 
various serpentine masses of the region. There is good reason 
to believe, however, that some of the serpentine has been 
formed from the pyroxenytes. 

SERPENTINE. 

The main portion of the serpentine area lies north of the 
Maryland line in Chester and Lancaster counties, Pennsylvania. 
It is known as the "State Line serpentine" and forms a belt with 
a length east of the Susquehanna river of about seventeen miles 
and an average width of one mile. It also extends across the 
river into Harford county, where it has a length of sixteen 
miles and a maximum width of two miles. The southern 
boundary of the area follows the Mason and Dixon line closely 
as far west as Octoraro creek where it crosses over into Mary- 
land and extends in a southwesterly direction to the Susque- 
hanna and beyond. Besides this main mass there is a small 
area west of Conowingo creek, forming an extension of a 
larger belt in Lancaster county. There is also a small outcrop 
of serpentine, representing a dike, along the railroad just south 
of Conowingo. 

A study of these rocks, especially in their less altered con- 
dition, reveals the presence of two varieties. The first contains 
crystals of pvroxene imbedded in a compact and quite pure ser- 
pentine. Where the change is not yet complete some of the 
original olivine can still be seen. This tvpe has plainly been 
derived from the peridotyte. 

The second variety has its origin from the pyroxenytes. If 
is possible to trace this change through its different stages from 
the fresh pyroxene rock to the final serpentine product. The 
hypersthene and diallage first alter into fibrous hornblende, the 
change commonly beginning on the outside of the different in- 
dividual grains and extending inward, usually along cracks 
if these are present. This process goes on until no trace of 
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the original pyroxene is left and a rock is produced consisting 
wholly of secondary hornblende. This transformation may 
^o no further and we will have left the smaragditic and gray 
homblendic rocks found so abundantly throughout the region 
in association with the non-feldspathic rocks. But the altera- 
tion does not always stop here, for these amphibole rocks may 
themselves pass over into serpentine. This change was clearly 
exhibited in a large boulder found near Svlmar. Even in the 
hand specimen this was seen to be composed partly of gray, 
fibrous hornblende, and partly of compact green serpentine, 
the former mineral graduating insensibly into the latter. Under 
the microscope the secondary hornblende, with its rather high 
interference colors and resemblance in all respects to that so 
often observed surrounding the pyroxene, was seen to be asso- 
ciated with a fibrous aggregate of serpentine. The latter did 
not have the appearance so characteristic of this mineral when 
it is derived from olivine, but resembled the variety produced 
from hornblende. The fibrous aggregates of serpentine sel- 
dom have any regular arrangement, but form a confused mass 
traversing the hornblende substance, from which they can be 
distinguished by their low interference colors of pale blue and 
gray. Occasionally the fibres or columns of hornblende are 
seen separated by the serpentine into which they merge along 
their borders. It is apparent that in this instance the serpen- 
tine is not derived directly from the pyroxenyte, but that this 
is changed first into fibrous hornblende and the latter subse- 
-quently alters into serpentine. 

A similar transformation has been described by F. D. Ches- 
ter as occurring in the extension of this same belt of rocks in 
Chester county, Pennsylvania.* 

Many examples might be cited of serpentines formed from 
peridotytes, and in fact the latter are regarded as the chief 
source whence these rocks have been derived. On the other 
hand, it is comparatively rare to find cases where the serpentine 
has undoubtedly come from pure pyroxene rocks, as is the case 
with some of those in northeastern Maryland and adjoining 
portions of Pennsylvania. Chesterf found that many of the 
state line serpentines have been derived from pyroxenyte, which 
-often contains a little olivine. Ransome:{: describes a serpentine 



•Penn. Geol. Surv. Ann. Rept., 1887, p. 104. 
tPenn Geol. Surv.. Ann. Rept., 1887, pp. 102-105. li 
tBul. Dept. Geol. Univ. of Cal. Vol. I, p. 222, 1894. 
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from Angel island in San Francisco bay, which has originated 
from a rock composed wholly or mainly of diallage. In this 
instance the alteration seems to have been directly to serpen- 
tine and not through the intermediate hornblende stage. Other 
examples of serpentine derived from pyroxenyte rocks are men- 
tioned by Drasche* from the Tyrol and Ireland; by Berwerthf 
in serpentines near Rosignano and Castellina Maritina, Si'>uth 
of Pisa, Italy, and by several other writers. 

The following analysis (VI) of a deep green, translucent 
variety of serpentine from the old Broad Creek quarry in north- 
eastern Harford county was made some years ago by F. A. 
Genth of the University of Pennsylvania.^ 

VI. 

Si02 40.06 MgO 39.02 

AI2O8 1.37 H2O 12.10 

Cr208 0.20 Fe804 3.02 

NiO 0.71 

Feb 3.43 100.00 

MnO 0.09 Specificgravitv 2.668 

VEINS AND DIKES. 

The basic and ultra-basic rocks of northeastern Maryland 
are cut by numerous pegmatyte dikes and quartz veins. In ad- 
dition to these there is the diabase dike already mentioned. 
The latter extends in a southwest direction through southeast- 
ern Pennsylvania and into Maryland, probably crossing the line 
in the vicinity of Sylmar. Blocks of diabase were found at 
various points south of the railroad between the latter town and 
Rising Sun, and though no outcrops were observed the bould- 
ers were in general distributed along a line having the same 
course as the dike where it was traced farther north. Grims- 
ley states that south of Liberty Grove a diabase dike was traced 
for nearly a mile, and it is probable that this is part of the same 
one. H. C. Lewis gives the age as late Triassic or early 
Jurassic, since in Pennsylvania it cuts through shales of the 
former age, and must, therefore, have been formed at the end 
of that period or at the beginning of the next. 

Cutting the nor}'tes south of Conowingo and occurring also 
at other points are dikes of peridotyte and pyroxenyte. One 

•T. M. p. M., Vol. I. p. 10. 1871. 

tT. M. p. M.. Vol. IV, p. 238. 1876. 

tGeolosrical Report of the Md. "Verde Antique" Marble and other Min- 
erals on the lands of the Havre Iron Co., in Harford County, Bid., by Prof. 
F. A. Genth. 1875. 
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of these can be seen at the section house just below the town, 
while not over twenty feet north of it there is a dike of pegma- 
tyte. The peridotyte has been partially changed to serpentine. 

A noticeable feature of this region is the abundance of white 
vein quartz, fragments of which strew the fields in many places 
or are seen mingled with the gabbro and noryte boulders col- 
lected in the stone walls everywhere so common in the area. 
At some points these quartz fragments are so numerous as to 
form no inconsiderable proportion of the boulders. For the 
source of this material we must doubtless look to the veins of 
quartz which have cut not only the basic rocks but also the 
gneisses bordering upon these to the east and south. The num- 
ber and extent of these veins is partially indicated by the many 
fragments derived from them. 

The quartz veins have in all probability been formed by lat- 
eral secretion, the silica having been leached out of the sur- 
rounding rocks and deposited by percolating waters in fissures 
and crevices produced by orographic movements. Wherever 
the rocks are well exposed, as alone the Susquehanna, they are 
seen to be traversed by gashes and cracks which have been filled 
with this secondary quartz, the latter often forming small lens- 
shaped masses. 

The pegmatyte veins* are of special interest and import- 
ance since they supply large quantities of feldspar and quartz 
("flint") to the potteries of Maryland, New Jersey and Dela- 
ware. These dikes, which are often of considerable extent, are 
found cutting not only the norytes and gabbros but also the 
serpentines. They have a northeast-southwest direction, cor- 
responding to the strike of the schists and the foliation of the 
massive rocks where the latter has been developed by pressure. 
Two of these coarse granitic veins are well exposed along the 
Susquehanna, one below and another above Conowingo. The 
former appears less than one-quarter of a mile south of the 
station, where it is well exposed along the railroad. This dike,, 
which has a width of eight feet, is composed of granite with 
seams of coarse pegmatyte and is bordered on either side by a 
saussurite gabbro. The vein a short distance above the town 

•All the acid dikes or veins of this region are here referred to as peg- 
matyte Bince they are formed largely of verv coarse granite. While they 
are not Infrequently composed of true granite, into which the pegmatite 
passes, it is convenient to have a general term which shall Include all those 
dikes composed of quartz-feldspar rock. 
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is much more extensive, having a width of three hundred feet 
or more. In some parts it is made up largely of quartz. The 
rock is usually a rather fine-grained granite traversed by num- 
erous veins of pegmatyte. Here and there the muscovite forms 
sheaf-like aggregates, or it may occur in well developed hex- 
agonal plates. The peculiar intergrowth of the quartz and feld- 
spar, giving rise to graphic granite, was also found in this lo- 
cality. Good sized crystals of tourmaline are occasionally pres- 
ent. Neither of these dikes could be traced very far back from 
the river. 

Three large pegmatyte veins appear along Octoraro creek 
between the paper mill and the state line. On the hill just 
above the mill one of these has been worked as a quarry and 
furnishes a good quality of building stone. Most of the rock at 
this point is a medium fine-grained granite composed of quartz, 
microcline, muscovite, and some biotite. The vein has a width of 
ninety feet and is in places pegmatitic. The second is about 
three-quarters of a mile above the mill and the third, which is 
one hundred feet wide, occurs close to the Maryland line. The 
last is of special interest, since it was found to contain many 
fragments of the country rock, often of considerable size and 
not infrequently three feet in diameter. They are composed of 
much altered and saussuritized gabbro resembling that occur- 
ring in the vicinity. In fact, this saussuritized gabbro seems, 
in many cases at least, to be closely associated with the pegma- 
tvte veins, and it is nossible that these have had something to do 
in producing the alteration of the original rock. 

The pegmatytes are composed of white or pink microcline, 
quartz, muscovite, a little albite and occasionally biotite. Tour- 
maline is a somewhat rare constituent. 

That the pegmatytes are of eruptive origin can scarcely be 
doubted. The best evidence of this is funiished by the frag- 
ments of the country rock found included in these veins. 
These must have been torn from the side walls as the molten 
magma was intruded into the fissures. The composition of 
these coarse granites, differing so widely from that of the 
norytes and seqx^ntines in which they occur, is also an indica- 
tion that they are intrusive or have at least not been formed 
by circulating waters deriving their materials from the sur- 
rounding rocks. They are rich in alkalies and do not appear 
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to be affected in their composition by the nature of the enclos- 
ing mass. 

RELATIONS OF THE DIFFERENT ROCK TYPES. 

Having considered somewhat in detail the different rock 
types represented in the area it remains to discuss the rela- 
tions existing between them. It has been, shown that they are 
more or less closely associated in their geological occurrence 
and that many of the types are connected by intermediate varie- 
ties. The rocks grow successively more and more basic from 
tne south toward the north. If one starts from Rowlands- 
ville or from a point one mile north of Colora and travels north 
to the Pennsylvania line he passes over in succession biotite- 
granite, quartz-mica-homblende-dioryte (tonalyte), dioryte 
and quartz-dioryte, hypersthene-gabbro and noryte and ser- 
pentine. The distance traversed in thus passing from the acid 
to the basic and ultra-basic types is sometimes two miles and 
never exceeds three miles. 

GEOLOGICAL RELATIONS OF THE DIORYTES AND GRANITES. 

The close relationship existing between the dioryte and 
granite is evident both from their association in the field and 
from the study of a large number of sections made from spec- 
imens collected at many points in the intermediate zone. As 
already stated, the diorytes form a belt varying in width from 
one to one and a half miles, bordering the granite on the north 
and lying between that and the gabbro. It was everywhere found 
impossible in the field to draw any sharp line of separation be- 
tween the granites and diorytes, and along quite a well defined 
intermediate belt there is a gradual passage from one to the 
other. This transition is even more apparent from the micro- 
scopical study of a large number of thin sections which show 
a change in the mineralogical composition of the rocks. It has 
already been stated that there are two well marked varieties of 
the dioryte, one a quartz-mica-hornblende-dioryte or tonalyte 
and the other a quartz-dior}le. The former, which is very 
granitic in appearance, is confined almost entirely to the south- 
em portion of the area next to the granite, and forms a con- 
necting type between that rock and the quartz-dioryte, while 
the latter is found along the northern border. By an increase 
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in the amount of hornblende and a corresponding decrease in 
the biotite, the tonaJyte passes into a quartz-dioryte. On the 
other hand, by a decrease in the amount of hornblende and a 
corresponding- increase in the biotite it passes over into the 
biotite-granite of the Rowlandsville area. This latter rock, as 
shown on a later page, is chemically very closely related to the 
diorytes and can in fact be considered as a biotite-dioryte. 
These intermediate varieties between the granites and the true 
diorytes are of common occurrence and cover considerable ter- 
ritory. 

There is also a change in the feldspar as the rock becomes 
poorer in silica and richer in hornblende. In the biotite-granite 
the feldspar is oligoclase along with a little orthoclase; in the 
tonalyte it is an acid labradorite, while in the true diorytes this 
constituent is represented by an acid bytownite. Nowhere was 
any line of contact observed between the granites and diorytes, 
and careful search failed to reveal the presence of any eruptive 
contact, such as that described by Grimsley along Octoraro 
creek in the vicinity of Porter Bridge. The granite does con- 
tain, it is true, the dark, fine-grained, granitic segregations 
such as those mentioned bv that writer. But no reason was 
found for regarding some of these more basic patches as segre- 
gations and some as inclusions. Nor did these change in ap- 
pearance or composition as the dioryte border is approached, 
and no increase in their number or size was observed in that 
direction. In the absence of any better evidence of an eruptive 
contact than is aflForded by these basic segregations, which do 
not resemble inclusions of dior}'te or eabbro, there would seem 
to be slight ground for supposing there is here any such con- 
tact. Careful search failed to reveal the presence of any dikes 
or apophyses of either rock. 

GEOLOGICAL RELATIONS OF THE DIORYTES, GABBROS AND NORYTES. 

Bordering the diorytes on the north and closely associated 
with them are the norytes and hypersthene-gabbros. It was 
found possible to distinguish two kinds of hornblende- feld- 
spar rocks, one original and commonly carrying considerable 
quartz, the other secondary and produced by the alteration of 
the gabbro. In the latter (metagabbro or gabbro-dioryte), 
quartz was usually absent or present only in small amount, 
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the hornblende more or less fibrous, sometimes nearly colorless 
in transmitted light, and derived from the pyroxenes. These 
metagabbros have not been extensively developed in this re- 
gion and are much less abundant than the true dioryte. As a 
rule the original hornblende rocks diflFer in texture from the py- 
roxene rocks, the former being considerably coarser and re- 
sembling the granites in size of grain. 

The norytes make up the larger part of the area occupied by 
the pyroxene rocks. They are abundant not only in Cecil 
county, but also across the Susquehanna in Harford county, 
where they are found at many points. The hypersthene-gabbro 
is probably a facies of the noryte and the two types merge into 
each other wherever they occur. But though the pyroxene and 
hornblende rocks are so intimately associated in their geological 
occurrence, no intermediate varieties connecting the two were 
found in Cecil county, such as exist between the diorytes and 
granites. An original hornblende gabbro is stated by G. H. 
Williams* to occur in Harford county, and is said to pass into 
augite or hynersthene-dioryte, but no such intennediate types 
were observed east of the Susquehanna. 

GEOLOGICAL RELATIONS OF THE NORYTES AND GABBROS TO THE 

ULTRA-BASIC ROCKS. 

The non-feldspathic rocks occur as lens-shaped masses and 
as dikes within the noryte and are also found along the border 
next to the serpentine, where they seem to represent a more 
basic facies of the noryte. The peridotyte and pyroxenyte are 
closely associated in their geological occurrence and the one 
type sometimes graduates into the other. This relationship is 
well shown in the railroad cut just below Conowingo where 
both of the ultra-basic rocks are found together in the same 
dtke. The olivine is sometimes confined to particular portions 
of the rock, occurring abundantly in certain layers or bands 
and being almost absent from others. There results from this 
arrangement a banded rock made up of alternating layers of 
nearly black serpentine and of little altered pyroxene — a struc- 
ture mentioned by Williams in the peridotytes of Baltimore 
county, t 

The pyroxenytes are intimately related to the norytes with 
which they are connected by intermediate types. All varieties 

^ Johns Hopkins Univ. Circulars, No. 65. Vol. VII, 1888, p. 62. 
tBuU. U. 8. Geol. Surv., No. 28. 1886, p. 57. 
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are found between those pyroxene rocks rich in feldspar, the 
latter mineral forming over one-half of the mass, and those 
without a trace of that constituent. A common type is one con- 
taining less than one-quarter of its bulk of plagioclase, the rest 
being formed of hypersthene. 

The mode of occurrence of the non-feldspathic rocks indi- 
cates that they are younger than both nor\^te and gabbro. The 
peridotyte area near Mount Hope church, for examole, is plain- 
ly an intrusive mass in the older noryte rock, and their more 
recent age is even more apparent in the case of the dikes. 

It has been shown that the serpentine undoubtedly origin- 
ated from the alteration of the peridotytes and pyroxenytes so 
closely associated with it. The gradual passage of the latter 
into serpentine is well exhibited in manv of the less altered 
specimens, where all stages of the change can be traced. These 
ultra-basic types must therefore have occupied at one time a 
much larger area than at present and covered the district now 
composed of serpentine. 

A somewhat different alteration product of the pyroxenytes, 
and one which has perhaps resulted more frequently from their 
transformation, is an amphibole rock. This is composed of a 
fibrous hornblende, sonxetimes green in color (smaragdite), 
sometimes gray. The different individuals occasionally have 
a core of unaltered pyroxene, which indicates that the mass was 
originally composed of this mineral. These secondary amphi- 
bole rocks are abundant throughout the area, but appear 
to be especially common near the serpentine border where, as 
already stated, the pyroxenytes often occur. 

CHEMICAL RELATIONS OF THE ROCKS OF THE SERIES. 

The chemical relations of the rocks of the district are shown 
in the following table in which the analyses are arranged in the 
order of diminishing acidity. 

I. II. III. IV. V. VI. VII. VIII. 

Si02 73.69 66 68 58.57 55.16 4-4:04 48.02 53.21 40.06 

Ti02 0.50 1.41 0.64 2.24 0.23 0.26 

Zr02 0.09 02 0.10 none trace 

AI2O3 12.89 14.93 16.10 17.51 20.01 20.01 1.94 1.37 

V2O3 002 0.04 0.05 0.02 0.03 

Cr203 none trace none 0.03 0.20 0.20 

F(-203 1.02 1.58 2.89 2.62 4.22 1.13 1.44 
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FeO 2.58 

MnO 

CaO 3.74 

SrO 

BaO 

MkO 0.50 

K2O 1.48 

Na20 2.81 

U2O 

H2O below \ i nft 
105° C / ^-^^ 

H3O above \ 
105° C / 

P2O6 

FeS2 

CO2 

CI 



3.24 


6.12 

none 

C.18 

7.39 

trace 

trace 

2.^3 

1.01 

2.11 

trace 

0.21 
1.27 


5.83 

0;01 

0.15 

8.50 

trace 

trace 

4.35 

1.08 

1.83 

trace 

0.18 
2.01 


8.61 
0.01 
028 
11.68 
none 
none 
5.01 
0.15 
1.24 
trace 

0.11 
1.90 


7.29 
0.01 
0.18 

11.42 
none 
none 

10.05 

0.05 

0.61 

trace 

0.10 
0.67 


7.92 
0.03 
0.22 

13.12 
none 
none 

20.78 
0.07 
0.11 

trace 

0.14 
0.87 


3.43 
0.71 


0.10 
4.89 


0.09 


trace 




0.08 




2.19 
2.05 


39.02 


2.65 




trace 
0.16 

1.09 


► 12.10 



0.10 



Fl 



0.37 0.21 0.52 trace trace 

trace 0.03 0.25 0.11 -0.03 

none none none 0.25 0.10 

undet. undet. undet. undet. undet 

Fe804 
undet. undet. undet. undet. undet. 3.02 



99.74 100.32 100.07 100.17 100.42 99.98 100.47 100.00 
Sp. ^r 2.89 2.90 3.03 2.98 3.34 2.66 

I. Granite from the Port Deposit quarries. 
II. Biotite-granite from the railroad cut at Rowlandsville. 

III. • Quartz-mica-hornblende-dioryte. Near the foundry on Stone 

run. 

IV. A more basic variety of the same. Porter Bridge on Octoraro 

creek. 
V. Hornblende^dioryte poor in quartz. Three-quarters of a mile 
northwest of Rising Sun. 
VI. Noryte. One mile west of Oak Grove schoolhouse. 
VII. Websteryte. Oakwood. 
VIII. Serpentine. Broad creek quarry in northeastern Harford county. 

Analyses I and II are taken from G. P. Grimsley's paper 
on the granites of Cecil county.* I. was made by Mr. William 
Bromwell in the chemical laboratory of the Johns Hopkins 
University; II.-VII. were made by W. F. Hillebrand, of the 
United States Geological Survey, and VII. is by F. A. Genth. 

It will be observed that the rocks of the series range in com- 
position from that of a granite to a pyroxenyte and serpentine. 
A comparison of these analyses shows that as the silica de- 
creases there is an increase in the magnesia, the latter constitu- 
ent being especially characteristic for rocks of this character. 
The alumina increases from the most acid member of the scries 



•Jour. Cincinnati Soc. Nat. Hist.. Vol. 17, pp. 59-67 ; 78-114. Cincin- 
nati, 1894. 
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to the websteryte when it drops suddenly from 20.01 per cent 
to 1.94 . With diminishing silica there is also a decrease in 
the alkalies, but a decided increase in the lime. The presence 
of vanadium in these rocks is worthy of notice. Number II., 
which is given by Grimsley as an analysis of a biotite-granite, 
corresponds very closely with the analyses of quartz-mica- 
dioryte and of tonalyte as given by Rosenbusch.* Its rather 
low silica content, its high percentage of lime (4.9) and rela- 
tively low percentage of potash (2.05), together with a large 
amount of magnesia, all seem to indicate a relationship with 
the diorytes rather than the granites. From the point of view 
of its chemical composition it should probably be considered a 
quartz-mica-dioryte rather than a granityte. But what is of 
special interest in the present discussion is the fact that this 
rock lies on the border between the diorytes and granites. 

It will be seen from analyses III., IV. and V., that there are 
two types of dioryte, a more acid quartz-mica-homblende- 
dioryte and a basic hornblende-dioryte. The former is poorer in 
silica than the typical tonalyte, though it agrees with the latter 
in mineralpgical composition. The hornblende dioryte of 
number V. contains only a small amount of quartz and ig.sc«ne- 
what more basic than much of the true dioryte of the area, 
which is rich in quartz. It will be observed that the tonalytes 
(III., IV.) approach the granite in composition, while the anal- 
ysis of the dioryte proper (V.) corresponds quite closely with 
that of the noryte (VI.), the only essential difference between 
the two being in the magnesia. 

If the basic eruptives of northeastern Maryland are com- 
pared with those occurring in the vicinity of Baltimore on the 
one side, and with those of Wilmington, Delaware, on the 
other, certain resemblances and differences are at once appar- 
ent. The area under discussion, occupying as it does an inter- 
mediate position between the two, might be expected to exhibit 
certain features common to both. Perhaps the most marked 
characteristic of the rocks of all three areas is the abundance of 
hypersthene present. This is especially true in northeastern 
Maryland and Delaware, where this constituent plays a mare 
important role than the diallage, the latter being present only in 
small amount. In both the Baltimore and Cecil-Harford areas 

•Elemente der Gesteinslehre. 1898. p. 140. 
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peridotytes and pyroxenytes are found associated with the gab- 
bros and norytes, where they have by their alteration produced 
extensive masses of serpentine. 

In both the Delaware and Cecil-Harford areas the basic 
rocks are often rich in quartz. But in the former state this is 
found in the gabbros, while in Mar>'land it is the diorytes that 
carry the quartz, the latter mineral being almost absent from 
the norytes and gabbros. It has been found at only two points, 
namely, in the vicinity of Mount Hope, Baltimore county, and 
the junction of Stone run and Octoraro creek. Brown horn- 
blende occurs as an accessory constituent in the other areas, 
but was not observed in any of the rocks under discussion. 
Olivine is equally rare in all three districts. Biotite is found 
in the gabbros near Wilmington but is lacking in the Maryland 
rocks. 

The area under discussion differs in certain respects from 
those lying to the east and west of it. One distinguishing feat- 
ure is the abundance of dioryte, usually rich in quartz, and its 
passage into the grranites. Another is the comparatively slight 
development of gabbro-dior>'te from the gabbro, an alteration . 
which has taken place on a large scale in the other two areas. 
Though many of the gabbros and norytes show the early stages 
of this change, those rocks are comparatively rare in which the 
pyroxene has been completely altered to hornblende. This 
does not include the saussurite gabbros which have had both 
their original constituents changed into secondary products. 
A third difference is the presence in this area of many large 
granite and pegmatyte dikes in the noryte and serpentine Some 
large blocks of pegmatyte were found at one point in the Balti- 
more area* but this was the only irfstance of such an occurrence 
within the basic eruptives of that district. 

RfiSUMfi AND GENERAL CONCLUSIONS. 

In northeastern Maryland a series of acid and basic eruptive 
rocks has broken through the ancient gneisses (pre-Cam- 
brian?). The following types are represented: biotite-granite, 
dioryte, quartz-dioryte, quartz-mica-hornblende-dioryte (tona- 
lyte), noryte, hypersthene-gabbro, pyroxenyte, peridotyte, and 
serpentine. The basic and ultra-basic varieties have been cut 

•BuL U. S. Geol. Survey, Xo. 28, 1886, p. 25. 
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by extensive dikes of granite and pegmatyte which have a 
northeast-southwest direction and have no apparent connection 
with the granite mass to the south. Near the eastern end o€ 
the main belt there is a Triassic diabase dike which has been- 
traced for a distance of seventy miles through southeastern- 
Pennsylvania and Maryland. 

Where the granites border the area of basic eruptives on the 
south there is a gradual passage of the granite into dioryte and 
no line of separation can be drawn between them. The noryte 
forms the bulk of the main mass of basic rocks and the hyper- 
sthene-gabbro is to be regarded as a facies of the norj'te. The 
latter rock is in some places found to graduate by intermediate 
tvpes into pyroxenyte and the two occur intimately associated 
in the field. The pyroxenytes and peridotytes are closely re^ 
lated and they commonly occur together, in one instance both 
being found in the same dike. 

A study of their geological relations and occurrence makes 
it evident that the rocks of this area were not all formed at the 
same time. It is probable that the region was the scene of 
eruptive activity for a considerable period, during which the 
different types were produced. The norytes and gabbros ap- 
pear to have been the first to be erupted. The diorytes were 
nrobably formed at the same or nearly the same time. 
The absence, in Cecil county, of intennediate types between the 
pyroxene and hornblende rocks may indicate that they are of 
different ages, and it is not unlikely that the formation of the 
dioryte followed shortly after that of the norytes and gabbros. 
Together these three types compose the long narrow belt of 
basic rocks that have broken through the ancient gneisses. 

It is difficult to give with any degree of certainty the rela- 
tive age of the granites since the requisite data for the de- 
termination of this are wanting. It seems probable, however, 
that they are younger than the norytes and diorytes. The 
presence of the numerous granite and pegmatyte dikes in the 
basic rocks may indicate that the granites of the main mass 
lying to the south are younger, though no connection between 
these dikes and the larger granite area was observed. The 
gradation of the granite into dioryte and the absence of any 
line of separation between them is thought to be evidence that 
their difference of age is not very great. 
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The peridotytes and pyroxenytes were erupted at a later 
period than the norytes and gabbros through which they have 
broken. Some of the pyroxenytes, however, apparently form 
peripheral facies of the noryte and probably belong to the same 
age as the latter. The pegmatytes are more recent than the 
basic rocks and serpentines and since the latter have originated 
from non-feldspathic types the acid dikes are also younger 
than most of the peridotyte and pyroxenyte. The last rock ta 
be erupted was probably the diabase composing the dike which 
cuts the noryte-gabbro mass, and was formed in late Triassic 
or early Jurassic time. 

The northeastern Maryland area taken as a whole seems ta 
furnish an example of the occurrence of several rock types 
which represent the facies of a single magma and unite to form 
a geological unit. This view does not necessitate the supposi- 
tion that all the rocks were formed either at the same time or by 
a continuous eruption, but there may have been several periods 
of activity during which different types were produced,. and as 
already stated, this was doubtless the case in this district. 

PLATE XVI. 
Fig. I. — Dioryte. 

From one mile northeast of Rising Sun. Section No. 71. Magni- 
fied 20 diameters. Ordinary light. The hornblende occurs mostly in 
lath-shaped individuals which form clusters scattered through the feld- 
spar. Considerable magnetite is also present. 

Fig. 2. — Quarts-Mica-Hornhlende-Dioryte (tonalyte). 

From one-half mile west of Porter Bridge. Section No. 260. 
Magnified 20 diameters. "Ordinary light. A good sized biotite individ- 
ual shows near the center of the field and hornblende is seen near the 
edge. The feldspar is largely altered to epidote, which forms irregu-r 
lar crystal aggregates. The clear white mineral is quartz. 

PLATE XVIT. 
Fig. I. — Noryte. 

From one mile west of Oak Grove schoolhouse. Section No. 237. 
Magnified 20 diameters. Ordinary light. The white feldspar is not 
as cloudy as in many sections. The light colored mineral is hyper- 
sthene and the black is magnetite. 

Fig. 2. — Noryiff poor in feldspar. 

From cross-roads three-quarters of a mile south of Rock Springs. 
Section No. 104. Magnified 20 diameters. Ordinary light. 
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This rock is composed largely of hypersthene with only a little 
feldspar. It is a common type and is intermediate between the noryte 
and pjrroxenyte. 

PLATE XVIII. 
Fig. I. — Peridotyte (wehrlyte). 

From near the point where the west branch of Stone run crosses 
the state line. Section No. 43. Magnified 20 diameters. Ordinary 
light. The olivine is partially altered to serpentine. The diallage 
exhibits its characteristic columnar structure and its black inclusions. 
The olivine is confined chiefly to certain bonds or layers, one of which 
shows on the side of the figure. This mineral also occurs included in 
the diallage. 

Fig. 2. — Pyroxenyte (hypersthenyte). 

From Oakwood. Section No. 159. Magnified 20 diameters. 
Nicols partially crossed (made 55" angle with crossed position). 

This rock is composed entirely of hypersthene. Eight or ten dif- 
ferent individuals are shown in the figure. 

PLATE XIX. 
Fig. I. — Saussurite gabbro. 

From Octoraro creek just below the state line. Section No. 120. 
Magnified 30 diameters. Ordinary light. 

This rock is a typical saussurite gabbro composed of fibrous, green, 
secondary hornblende (smaragdite), and white, opaque saussurite. 
The latter is made up almost entirely of zoisite. One good sized 
columnar crystal of this mineral is shown, bordered on either side 
by smaller individuals of the same. 

Fig. 2. — Quarts-dioryte with epidotized feldspar. 

From one-quarter of a mile below Porter Bridge on Octoraro 
creek. Section No. 266. Magnified 30 diameters. Ordinary light. 
The feldspar is replaced by aggregates composed of minute crystals 
of epidote. The dark, granular patches which appear scattered through 
the clear white quartz, and which mark the outlines of the feldspar 
crystals, are epidote. Several hornblende individuals show on the 
edge of the field. 



A Michigan Preliminary Section. — Grabau. 177 

A PRELIMINARY GEOLOGIC SECTION IN ALPENA 
AND PRESQUE ISLE COUNTIES, MICHIGAN/ 

By Amadbus W. Grabau, Troy, N. Y. 
PLATE XX. 

INTRODUCTION. 

The following section was prepared in the late summer of 
1900, with the assistance of Mr. W. F. Cooper, of the Michi- 
gan geological survey. As no topographical map was availa- 
ble, the profile of the country along the section had to be pre- 
pared in the field, at the time the geological data were collect- 
ed. Distances were measured by means of a cyclometer at- 
tached to the bicycle, which was the only conveyance employed 
in the field. To eliminate errors due to unevenness of the 
-country and to other causes, the cyclometer readings were 
•checked by special readings on the section lines. Elevations 
were obtained by reading the aneroid barometer at all the sta- 
tions, as often as these stations were passed, and correcting 
these readings by the barograph record obtained from a sta- 
tionary instrument at Alpena. Owing to the length of the 
section, the barograph corrections did not always prove satis- 
factory, especially as several severe atmospheric disturbances 
affected the aneroid in the northern part. of the section, which 
were felt to a less degree at Alpena, where their record was 
obtained by the barograph. 

LOCATION AND EXTENT OF THE SECTION. 

The section is located in Alpena and Presque Isle counties, 
Michigan. It runs north from the city of Alpena along the 
meridian of 83" 27' longitude west of Greenwich, and forms 
the western boundary of the eastern third of range 8 E. It ex- 
tends through the whole of townships 32 and 33 north and 
parts of townships 31 and 34 north. The total length of the 
section is nearly eighteen miles, but the distance covered in its 
preparation was nearly double that. 

The section is interrupted near the middle by Long lake, 
and it passes by the eastern end of Grand lake. It strikes the 
shore of lake Huron about four miles southeast of Presque Isle 

•Published by permission of Dr. A. C. Lane, State Geologist. 
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light. About one-half of the line of the section is along a 
north-south road. 



TOPOGRAPHY OF THE SECTION. 

In the following table the distances between stations as cal- 
culated from the cyclometer readings are gpiven. The eleva- 
tions gpiven are calculated from the aneroid readings and cor- 
rected by the barograph readings. The resulting elevations 
are of the various stations above the mean level of lake Huron, 
which is taken as 580 feet above the sea. 



STATION, NUMBER AND LOCATION. 



1. Thunder Bay 

2. Round House 

3. Sec. IS, N. E. Cor 

4. Sec. 10, E. line base of terrace 

e. Sec. top of terrace ^ 

6. Sec. 10, N. E. Cor 

7. Sec. 3, E. line, base of terrace 

8. Section top of terrace 

9. Sec. 3, end road running west 

9a. Offset on same, top of terrace 

10. Sec. 3, E. line, base of terrace 

11. Section top of terrace 

12. Sec 3, E. line top terrace 

13. Sec. 3, N. E. corner, road running west 

14. Sec. 34, E. line 

15. Sec. 35, W. line 

16. Sec. 34. N. E. corner 

17. Sec. 27, E. line top of terrace 

17a. Sec. 27, outcrop 

16. Sec. 27, E. line, base of terrace 

19. Section, outcrop 

20. Sec. 26, W. line 

21. Sec. 27, E. line, base of terrace 

22. Section outcrops 

23. Sec. 22, fork roads 

24. Sec. 22, centre north line 

25. Long lake 

24a. Hell creek bridge 

25a. Sec. 23, north line, center 

26. Road east of Long lake 

27. Sec. 3, E. line 

28. Sec. 3, end road running west j 

29. Sec. 3, E. line 
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STATION, NUMBER AND LOCATION. 
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30. Sec. 3, E. line, top of ridge 

31. Town and county line 

32. Sec. 34, E. line, top of maraine 

33. Sec. 35, W. line, Rabiteau's farm 

34. Sec. 27, E. line, base of terrace 

35. Sec. 22,* E. line running west 

36. Fork of roads 

37. Lake ^Huron at Bell 

38. Grand lake at Lumber mill, Sec. 15, N. E. corner 

39. 1 OX) moraine. Grand lake 

40. Grand lake isthmus 

41. Top gravel ridge, Club house 

42. Kaufman's 

43. Lake Huron at Presoue Isle Light 

Of the stations here recorded, Nos. i to 23, and Nos. 27 
to 35, are on the section line ; the others are either to the east 
or the west of the section line. From these data, the accom- 
panying profile of the section (plate xx) has been con- 
structed. 

From a careful plotting, it appears that Long lake and 
Grand lake lie along the outcrops of shale beds of considerable 
thickness. The valleys of these two lakes, therefore, which 
extend along the strike of the strata, represent longitudinal 
lowlands, carved by streams of the subsequent type out of the 
softer strata. 

STRATIGRAPHY OF THE SECTION. 

Owing to the extensive drift coverings of this region, rock 
exposures are comparatively rare, and are confined to roadside 
cuttings, quarries and the few natural exposures, which are 
found along the tops of the terraces. From well-records, 
however, we gain a knowledge of the succession of beds, and 
of the thickness of the various members. Taking this as the 
foundation of the stratigraphic work for this region, we may 
attempt a correlation of those beds which crop out on the 
surface, with those recorded in the well. Lithic characteristics 
will have to be relied upon in such a correlation, and for the 
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area covered by this section, these may be considered reliable. 
This is especially the case, since all the strata entering into the 
section are off-shore deix)sits, with a minimum of coarse 
detritus, and hence of a character which remains uniform over 
a large area. 

The following succession of strata in this region has been 
derived from the records of the Churchill well, the location of 
which is near the southern end of the section in Al|>ena. 

The mouth of the well is near the level of lake Huron, 
and above the coral limestone of Alpena. This rock is the mid- 
dle member of the Traverse (Hamilton) group of Michigan, 
and hence the entire upper portion of this group is unrepresent- 
ed in the well record. At a depth of over 1250 feet, the well 
ends in the salt beds of the Salina group, having penetrated the 
entire lower Devonic rocks of the region. 

SUCCESSION OF STRATA IN THE CHURCHILL WELL AT ALPENA, MICH. 

FEET 

1. Sand and boulders , . 41 .0 

2. Hard white (light colored) limestone 25.0 

3. Shale 90 

4. Very hard white limestone 49.5 

5. Shale . .y 2.5 

6. Extra hard gray limestone 40.0 

7. Blue shale 20.0 

8. Hard white limestone 34.0 

9. Shale, 7 feet white and slimy, possibly gypsum (?) 18.0 

10. Hard white limestone 23.0 

11. Very sticky blue shale 27.0 

12. Hard white Hmestone .* 32.0 

13. Shale , 30 

14. Hard white limestone, upper % extra hard 39.0 

15. Shale 24.0 

16. Hard white limestone 5.0 

17. Shale, mostly blue 52.0 

18. Hard white and gray limestone, mostly extra hard 63.0 

19. Extremely hard (flintv) limestone 39.0 

20. Shale 25.0 

21. Hard gray and white limestone 103.0 

22. Shale 20.0 

2^. Hard white limestone 86.0 

24. Sandy lime shale lo.o 

25 . Hard white limestone 468.0 

This carried the drill down into the rock salt of the Salina group. 
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Strata 15 to 17 are provisionally considered the equivalent 
of the New York Marcellus, though thefe is no evidence at 
^present to indicate that the faunal characteristics, on which 
"the separation of the Marcellus beds alone rests, are found in 
this region. For this reason it is perhaps better to speak of 
these beds as the lowest Traverse shales, regarding the five- 
foot stratum of limestone (No. 16) as an integral part of the 
series. The total thickness of this lowest shale series is there- 
fore 81 feet. 

Strata 18 and 19 are provisionally referred to the Dundee 
limestone, which is considered the equivalent (approximately) 
of the Onondaga limestone series of New York. The com- 
bined thickness of the two strata referred to this formation, is 
102 feet. 

Stratum 21 probably represents the Mackinaw limestone, a 
formation which is believed to be the time equivalent of the 
Manlius limestone of New York. It undoubtedly is of upper 
Siluric age, but the determination of its exact equival- 
ency must be deferred until paleontological investigations are 
made. 

Whether the shale of stratum 20 belongs to the overlying or 
underlying formation is likewise an unanswered question. 

If the above correlations are correct, the well record gives 
us the following thicknesses of Devonic formations. 

Traverse upper shales not represented 

Traverse middle limestone 25 

Vaverse lower shales and limestones 378 

Total middle and lower Traverse 403 

indee limestones 102 

Total 505 

The strike of the strata of this region is approximately 
-thwest and southeast. The dip is 42 feet to the mile toward 
southwest. This is equivalent to 30 feet to the mile along 
line of the section. 

A. Traverse Middle Limestone. 

This limestone underlies a considerable area to the north 

northeast of .Vlpena. It appears on the surface in 

northeastern portion of the town where sev- 

quarries are opened in it ( Loc. i ) . It is also quarried in 



\^ 
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the cement works quarry less than a mile east of the town, 
near the lake shore, or approximately southeast of the preced- 
ing locality. This is designated Loc. 9. 

The rock first appears on the section line, about a mile 
north of the town (Sta. 4). It appears at intervals to the north 
of this, and is prominently exposed in the terrace which crosses 
the section line in a direct northeast line from the quarries. 
(Sta. 8). 

This terrace continues northwestward and furnished an- 
other good exposure of the limestone about a tenth of a mile 
west of the section along the first west road. (Stat. 9a, 
Loc. lb.) 

Loc. I. Quarries northeast of Alpena. The limestone is 
here almost wholly composed of corals and hydro-corallines, 
though brachiopods and other organisms are not wanting. The 
corals are Favosites and Acervularia, the former probably rep- 
resented by a number of species. Large masses of the rock 
are entirely made up of these corals, which appear to be still 
in the place where they grew. Other large masses of the rock 
are composed of the hydro-coralline Stromatopora and allied 
genera, which also appear to be represented by several species. 
Among the smaller corals, species of Zaphrentis, Aulopora, and 
Ceratopora predominate, while the Bryozoa are chiefly repre- 
sented by fenestelloids, and Lichenalia-like types. The chief 
brachiopo<ls are: A try pa reticularis, (an extremely convex 
form), Spirifer cf. S. mucronatus, Stropheodonta, several spe- 
cies, Cyrtina nmhonata var alpencnsis, Gypidula romingeri etc. 

The central mass of limestone of this region has all the 
characteristics of an ancient coral reef in which the chief reef- 
builders were the Favosites Acervularias, and Stromatoporas. 
These formed the main ma!ss of the reef, while between them 
grew the smaller species, and the other organisms which go to 
make up the ensemble of the reef population. A careful exam- 
ination of sections in the quarries shows that there is an ab- 
sence of stratification and regularity of structure in general, 
within the reef portion of this limestone. This is to be expect- 
ed, since this portion of the mass is entirely of organic origin. 
In form, this portion is dome-like, and the stratified beds of 
limestone which flank it, dip away from it in all directions at 
an angle exceeding that of the normal dip of the strata of this 
region. 
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The origin of these limestone masses and the accompanying 
T)eds of stratified limestone may be explained as follows : 

In the Devonic sea of this region, the luxuriant growth of 
<orals and other lime-secreting organisms produced isolated 
reefs, which rose to within the sphere of wave activity. Being 
subject to the continued attack of the waves, these reefs were 
destroyed wherever the vitality of the polyps was insufficient 
to resist the wave attack. Wherever exposed, the dead coral 
rock was ground into a coral sand, this being accomplished in 
part by the direct activity of the waves, in part by the aid of 
tools chiefly in the form of loose blocks which were rolled about, 
^nd served to grind up the coral rock, and in part by the many 
reef -destroying organisms, which in every reef are actively 
T)reaking up the dead coral masses. The resulting coral sand 
was carried away by the waves and currents, and deposited on 
the flanks of the reefs, and in the quieter water beyond. 

Stratification is well marked in such a fragmental limestone, 
or lime-sandstone, and it not infrequently happens that cross- 
bedding structure, ripplemarks, and other shallow water char- 
acteristics are shown in such a limestone. In fact, we mav 
consider that there is no essential difference in structure be- 
tween such lime-sandstones and ordinary quartz-sandstones, 
the mineralogical character of the component grains being the 
only distinction. In such a lime-sandstone fossils need not 
be abundant, in fact we could understand their total absence. 
Near the growing reef, which is the source of the coral sand, 
the minor reef organisms may be expected to occur, but their 
number would decrease in proportion as we pass away from the 
reef. In the immediate vicinity of the reef, an interlocking 
of the organically and the mechanically formed limestones 
occurs, for at times the coral sand encroaches upon the reef, 
and again the reef organisms extend outward, growing on the 
foundation of sedimentary coral sand. This inter-locking of 
the two types of limestone is well shown in the quarries opened 
in the reefs in question, and on either side the stratified lime- 
stone, consisting wholly of consolidated coral sand, is seen dip- 
ping away from the reef. This stratified limestone is striking- 
ly barren of organic remains ; only a few brachiopods or small 
<^ orals being found at intervals. In texture it is very uniform, 
^nd in composition very pure, yielding upward of 97% of 
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CaCOg. Some of the limestone of this type in Petoskey, Mich., 
and presumably of the same horizon, is reported to yield ioo% 
CaCOg. The purity of these limestones is readily accounted 
for when we remember that the reef-building organisms flour- 
ish only in water free from terrigenous matter. Since the 
stratified limestone beds which always accompany the reef are 
derived from the organically formed limestone, and since there 
is an absence of terrigenous matter within the area of their 
deposition, it follows that these limestones must be very pure, 
within a radius of some magnitude from the central coral reef, 
the source of supply of the lime sand. It furthermore fol- 
lows that the thickness of the coral reef, and the thickness of 
the flanking fragmental limestones, may agree and that beds 
of great thickness may accumulate, depending on the length of 
time during which the reef remains in an actively growing con- 
dition. 

It thus appears that the reefs are the most trustworthy 
guides to the purity of the limestones. Close to the reefs from 
which they were formed, these limestones will generally be free 
from foreign material, while this may increase in amount pro- 
gressively with the distance from the reef. 

Loc. p. Quarry of Alpena Cement Co. This limestone is 
gray and crystalline, and heavy bedded showing for the most 
part perfect stratification. The coral reef character is shown in 
several parts of the quarry, its structure being very similar to 
the reef of the preceding locality. Large masses of Favosites 
and Aceryularia make up the greater part of the reef, and 
with these occur large stromatoporoids. Among the associated 
remains are Gypiditia romingeri, Atrypa reticularis, Spirifer 
nmcronatus, Pterinea flabella and others. 

This reef, though similar to the one of Loc. i, appears 
to be entirely distinct from it. The two are, however, con- 
nected by sparingly fossiliferous coral sand, which was derived 
from both, and constitutes the main material of the bedded 
limestones. 

Loc. la. The rock exposed here shows essentially the same 
characteristics as that of the preceding two localities. Favo- 
sites appears to be the most common fossil. Other fossils are 
Atrypa reticularis, Spirifer granulosus, Zaphrentis sp. and sev- 
eral species of Strophcodonta. 
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Loc. lb. The limestone has here less the character of a 
reef, but appears to have accumulated in the immediate neigh- 
borhood of a reef. It is highly fossiliferous, Favosites and 
Stromatopora being very common, though apparently not form- 
ing very large masses as in the. reef portions of the preceding 
localities. Stropheodonta is a well-represented genus, though 
the species are generally small. Gypidula romingeri and 
Atrypa reticularis are among the other common brachiopods. 

It has not been ascertained what the actual thickness of the 
limestone is. In the Churchill well twenty-five feet are shown, 
but since these are overlain by drift, it is evident that this is 
merely the minimum thickness and that the actual thickness 
may be somewhat greater. That it is not very much more is in- 
dicated by the nearness of the outcrop of the overlying shales 
on the south. 

Loc. 2. About two miles north of Alpena, at Sta. 11 on 
the section line, a highly fossiliferous limestone is exposed 
along the roadside and in the adjoining farm lands. This rock 
consists mainly of the stems and joints of crinoids, and of 
various Bryozoa, among which the fenestelloids are the most 
common. In the exposed portions the fossils appear to form a 
loosely agglomerate mass, without the interstitial filling of cal- 
careous sand. Brachiopods are very common, and the space 
between the valves is generally unfilled, except for subsequent- 
ly infiltrated calcite. The brachidium of these brachiopods is 
generally well preserved, indicating a freedom from disturb- 
ances. Gypidula romingeri and Atrypa reticularis are both 
abundant. Stropheodonta cf. S. demissa and 5*. nacrea are also 
common. Chonetes coronatus is a conspicuous sj>ecies, while 
Spirifer mucronatus and S. granulosus are among the other 
characteristic brachipods. 

Fenestella, Loculipora, and the other frondose Bryozoa are 
also well preserved, frequently still showing the original fun- 
nel-like form of the frond. 

Crinoid stems and joints make up the greater portion of 
the mass. These are mostly enlarged, and changed to cleava- 
ble calcite. Dog-tooth spar is common in the cavities, which 
latter are very numerous, since all the remains are loosely 
joined, forming a porous or loose-textured rock. 

No Favosites or other corals have been observed. The con- 
dition of preservation of these fossils is such as to point to 
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quiet and rather deep water wherein they accumulated, the 
depth being apparently beyond that of wave activity. This 
limestone is therefore of great purity, since it consists wholly 
of the calcareous remains of organisms. The position of the 
limestone appears to be near the base of the middle Traverse 
limestone (stratum 2), but its characters are probably not 
traceable over a very large area. 

Lac. J. About a mile north of this outcrop, at Sta. 15, is 
another outcrop of limestone along the. west line of Sec. 35. 
Here the limestone has again the coral-reef character, with 
Acervularia and Favosites predominating. This exposure be- 
longs near the base of the limestone series. Besides the fossils 
mentioned, Zaphrentis, fenestelloids, A try pa reticularis and 
crinoid stems may be mentioned. 

Lac. 4. This is two-tenths of a mile north of the last local- 
ity, at Sta. 17a, along the east line of Sec. 27. The limestone 
here is similar to the preceding, and belongs to the same series. 
It contains numerous crinoid remains, and Stropheodonta is the 
commonest genus of brachiopods. 

B. The Loiver Traverse Shales and Limestones. 

Lcc. 5. About a third of a mile further north, at Sta. 19, 
is an outcrop of impure but highly fossiliferous limestone, which 
weathers to a yellowish-brown color, and leaves an earthy 
residuum. The reef corals are rare, but other types, such as 
Zaphrentis, Aulopora, and the like, are met with. Brachiopods 
are common and among these a robust variety of A try pa retic- 
ularis is the most abundant. Other common species are: 
Spirifer miicronatus, Chonetes coronatus, Stropheodonta de- 
missa, S. concava, and S. erratica ( ?). 

P^'rom the thin bedded character of this rock, it might well 
be mistaken for a shale in the drill record. At any rate, this 
rock underlies the crystalline limestone, and with the beds next 
below it probably forms the nine-foot stratum of "shale" 
(stratum No. 3) in the Churchill well record. 

Loc. 6. Less than two-tenths of a mile to the north, at Sta. 
20, is an outcrop of black shale, highly bituminous, and char- 
acterized by the extreme abundance of a small sf)ecies of 
Stropheodonta. This is a species closely related to 5*. plicata 
of the Iowa Hamilton. The plications are angular near the 
beak, but become rounded and less pronounced toward the 
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front. The exterior of the shell is striate, the interior pustu- 
lose. When worn, the shell appears punctate. A few fenes- 
telloids occur, but other fossils are very rare. 

Loc. 7. This is at Sta. 21, somjething more than two-tenths 
of a mile north of the preceding locality. The rock is a dark- 
colored, somewhat shaly, fine-grained bituminous limestone, 
and lies just below the shales of Loc. 6. It is exposed at the 
base of a terrace, on the west side of the road, and fossils are 
very rare in the exposed portion. 

Loc. 8. This is at Sta. 22, near the forks of the road south 
of Long lake. The rock is thin-bedded, gray, weathering to 
buff, and highly fossiliferous. Favosites and Acervularia oc- 
cur, but not in ver\' large masses. A try pa reticularis is the 
most abundant brachiopod, being represented by an extremely 
convex variety. Several species of Stropheodorita occur, 
among which a variety of S. dcmissa, and 5*. erratica, and S. 
inequistriata should be mentioned. Cyrtina umbonata alpenen- 
sis also occurs. These limestones are probably a part of the 
stratum 4 series of the Churchill well. 

Loc. 10. This exposure is at Sta. 24, where Hell creek, the 
outlet of Long lake, cascades over some limestone ledges. 
This locality is off the section, and the rock liere exposed ap- 
pears to be the correlative of the limestone series No. 6 of the 
Churchill well. Acervularia and Favosites occur here, and 
with these Spirifcr granulosus, Sp. mucronatus, Atrypa retici'- 
laris, and Rhipidomella cf. 7?. vanuxenii. This same rock prob- 
ably crops out close to the lake. 

Locs. 11-13. These are small outcrops of limestone 
along the roadside at Stas. 26, 27 and 29 respectively. They ap- 
pear to belong to the limestone bed (8) which underlies the 
blue shale of Long lake (7), and contain Acervularia, Gypidula, 
and other fossils characteristic of the massive limestones. 

Loc. 14. This is at Sta. 33, half way between Long and 
Grand lakes. The best outcro])s are along the roadside and on 
the farm of Mr. Rabiteau. The rock is thin-bedded and ex- 
tremely fossiliferous, the fossils weathering out in relief. The 
limestone is not ver}' pure, an earthy residuum remaining on 
the solution of the lime. This is by far the most fossiliferous 
series of beds in the region, the largest number of species in the 
collection having been obtained from the outcrops of this rock. 
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Brachiopods predominate, with the large and robust Atrypa 
reticularis at the head. Gypidula romingeri Hall and Clarke is 
also extremely abundant, while the Stropheodontas and Spir- 
ifers are common, and represented by all the common and 
some rare species. Chonetes, Productella, and other char- 
acteristic Hamiltoniaii brachiopods occur abundantly. Among 
corals the smaller types predominate, i e., Aulopora, Ceratopora 
etc. In the lower beds, however, the reef-building types occur, 
notably Acervularia. Stromatoporoids are also, though more 
rarely met with. 

Loc. 1$. This is along the shore of Burnham bay, south- 
west of Presqiie Isle. \o outcrops are found here, but the 
beach is composed of rounded and subangular dark to light 
gray linjestone pebbles. Chert is a common constituent of this 
rock, which probably belongs to the Dundee formation (repre- 
senting the Comiferous limestone). 

Loc. i6. This is in front of Presque Isle light, along the 
shore of lake Huron. A dark, somewhat shaly, apparently 
non-fossiliferous limestone crops out at the water's edge. This 
undoubtedly is the lower Dundee limestone (stratum 19) which 
probably forms the shore for a considerable portion of the 
county. 

Loc. Jj. This is on the mainland, north of Presque Isle, 
The rock, though locally disturbed, chiefly by shore ice. is un- 
doubtedly in place, and represents the stratum overlying that 
which crops out in front of Presque Isle light. The rock is a 
very compact and uniform grained limestone, of a drab color, 
and sparingly fossil iferous. Almost the only fossil found in 
it was a large and rather smooth Paracyclas. 

Loc. 18. This is on the farm land north of the county line 
and east of the line of the section. The outcrop is in line with 
those of Loc. 14. and of the same type, containing: also the same 
species of fossils. 

Loc. i^. This is at the sink holes north of the Presque 
Isle coimty line, and east of the line of the section. The rock 
exposed in the walls of these sinks is as follows: 

FEKT 

Fine grained limestone, of a very compact texture 13 

Shale, bituminous at top, but becoming more calcareous down- 
ward, with fossils of tbe Hamilton types -^b 
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The thickness of the shale has not been ascertained. The 
limestone underHes the shaly Hmestone of Loc, 14, and if the 
correlation of the latter with the ''shale" of stratum 9 is correct, 
this Hmestone and underlyinj^^ shale are to be correlated with 
strata 10 and 11 of the Churchill well, respectively. 

Some of the sink-holes are 50 or more feet in depth, but 
their sides are difficult to examine, since they are usually per- 
pendicular, or else covered by talus. 

Shales with fossils of the Marcellus typ>e are said to be ex- 
posed in the vicinity of Bell, but thev have not been seen. A frag- 
ment, however, containing a characteristic Marcellus Chonetes, 
and obtained from this exnosure, has been seen. The location 
is along the strike of the shales out of which Grand lake is 
carved. 

Rensselaer Polytechnic Institute, May, igoi. 



EDITORIAL COMMENT. 

THE ARCHEAN OF THE ALPS. 



The very able and interesting volume by Duparc and Mrazcc, 
which has lately come to our notice, is a valuable contribution 
to the geolog>' not only of the Alps, but of the Archean of 
ever>' country so fortunate as to have any Archean rocks. 
The investigation was carried through seven years. It may, 
therefore, be presumed that the results reached are the best 
that can be attained by the intelligent use of all methods of 
modern geological research. Careful and extended fieldwork 
was supplemented by chemical and petrographical laboratory 
studv. 

The monograph abstracts the opinions of former geologists 
as to the nature and relations of the Mont Blanc massif, but 
carries the examination into greater detail than any predecessor, 
reaching, therefore, somewhat different conclusions. It is 
specially detailed and complete on the relations of the granite 
(called protogir.e, a term which the authors w^ould discard) to 
the schists, and throughout all its descriptions it is illustrated 
by half-tone reproductions of photographs of Alpine scenes. 

♦Kecher«^hes ptologiqiu-s ct pc trographitiiies siir le massif du Mont-Blanc. 
Par Loul« Duparc et Ludovlc M razee. 'J4 piates. pp. 228. quarto, Geneva, 
1898. (Mem. ^ioc. Phys. et Hist. Nat., Tome xxxill. No. 1) 
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French and Italian geologists have differed on the question 
of the nature and origin of the rock of the massif of Mont 
Blanc, some regarding it as an integral part of the schists, but 
more g^eissic, and some as an eruptive rock independent of the 
schists. The authors, however, share with Michel Levy the 
opinion that it is an igneous rock intrusive into the schists, but 
they lay special stress on the metamorphism of the schists,^ de- 
veloped by the granite, and the endomorphism of the granite 
produced by the schists. 

The authors accept two rocks, viz : the granite and the 
schists, as independent, unallied facts. They trace out their 
lines of contact and map their separate areas. They make 
petrographical and chemical examinations of these two end 
terms, all tending to demonstrate and emphasize the contrasts 
that separate them in the field and in the laboratory. Then 
they gather together the points of alliance. They find there 
are four tenns in the series instead of two terms and that from 
one extreme to the other there is a gradual passage, thus, (i) 
schist, (2) schistose granite, (3) gneissic granite, (4) granite. 
This gradual succession is found not only once, and twice, but 
in many instances. It is an ini^portant point in the genetic 
study of the igneous rocks to find this fact so well established 
by those able investigators, for it has been sometimes affirmed 
that there is no such transition between the schists and the 
granites, and can be none. Reference may be made to page 23 
where the phenomena about the Mer de Glace and the Grande 
Becca are described. This result is identical with that recently 
reached in the investigation of the Archean crystalline rocks of 
^Minnesota. This gradation from schist to granite, which 
reasonably interpreted in Minnesota as an indication of an 
original alliance of the two extremes, through the means, in one 
o«'igin, is differently viewed by Messrs. Duparc and Mrazec, 
and the rocks at the extremes of the series are considered as 
separate in origin and in date. They detail at considerable 
length the structural relations of the granite with the schists 
(mica schists) finding it frequently eruptive into the schists. 

Owing to the stratified condition of the protogine Favre 
considered it a granitoid gneiss older than the mica schists 
which envelop it. Lory like r'avre ranked the protogine 
amongst the crystalline rocks but younger than the mica schists. 
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He reached the conclusion that the massif of Mt. Blanc forms a 
synclinal pinched between two faults, but later in consequence 
of an excursion with Michel Levy he recognized the eruptive 
nature of this reck. The Italian geologists, with Zaccagna at 
the head, consider it also as a particular facies of primitive 
gneiss. Amongst them this opinion is strongly rooted, for in 
1893, in his **Geology of the province of Turin," Baretti uni- 
formly considers the protogine as a lower term of the crystal- 
line rocks. With Gerlach the protogine of Mt. Blanc is mani- 
festly an eruptive rock. Its apparent stratification is a result 
of compression. Michel Levy shares the opinion of Gerlach, 
as to the eruptive and intrusive nature of this rock. He 
chiefly bases his argument on the contacts of the rock with its 
crystalline mantle, and also upon the phenomena of injection 
and of metamorphism which it develops there. The authors 
themselves, in their earlier papers, have started from the same 
point of view and have insisted chiefly on the metamorphism in 
question. It can be stated, in general therefore, that, with the 
exception of the Italian geologists, there seems to be at present 
an approach to agreement on the eruptive nature of the pro- 
togine of Mt. Blanc. 

But having agreed that it is an eruptive those who have 
studied this protogine seem not to have accounted for its origin, 
nor for the terms that intervene between the normal and com- 
pletely developed granite and the schists into which it is so 
plainly intruded. What is the cause of Xos. (2) and (3), the 
schistose granite and the gneissic granite ? The former has cer- 
tain suggestive points of petrographic likeness to the mica 
schists. It runs imperceptibly into the gneissic granite. The 
gneissic granite (No. 3) cannot be separated, in the field, from 
the protogine (No. 4). 

It will be instructive to gather together some of the evi- 
dences, given by the authors, that go to show that these four 
terms are but steps in one great event, phases that depend on 
incompleteness of the process, or on difference of original com- 
position and structure in an original sedimentary rock. 

The authors say (p. 20) : ( i )The granitic type of the proto- 
gine is light colored, with variable grain, often very fine, with 
black mica evenly disseminated, with great regularity, in the 
mass. The gneissic type is usually of a darker color, greenish,. 
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and always more or less schistose. It separates more easily 
into layers than the foregoing. Plagioclase feldspars occur in 
both, in the latter in large white crystals. "All forms of pass- 
age between these two types are found." Thus, the enlarge- 
ment of the feldspar crystals of the gneissic type transforms 
the rock into a true augen-gneiss the large feldspars of which 
with square sections sometimes measure five millimeters in 
length by two or three in width, and are alligned parallel. The 
color of the rock then becomes lighter, and the fragments that 
it contains more separated. Then the orientation of the feld- 
spars disappears, the schistosity diminishes more and more, 
and the feldspathic element is dispoesd in all directions with 
respect to itself, and there is formed a rock still granitic, but 
of a type almost prophyroidal. At the same time the basic 
element marks out in the rock real lines or trains analogous* to 
those of particles carried in suspension in a viscous liquid." 

(2) These two types of granitic rock are not capriciously 
and irregularly distributed in the midst of the protogine. The 
true granitic type forms the southern slop)e of the massif, the 
col du Geant, the Grandes Jorasses, monuts Roux, the Dolent, 
the peaks of Planereuse, the Portelet, the summits of the 
Chatelet and of Breya, where, further, the grain of the rock 
becomes remarkably fine. But the gneissic varieties on the 
contrary are found in the neighborhood of contact of the pro- 
togine with the schists, and also in the central area of the massif 
where they appear to be arranged in lines along more or less 
definite axes, viz : between the Grandes Aiguilles and the sum- 
mit of the Grandes Jorasses (p. 21). While the authors de- 
clare it is impossible to define the limits of the diflFerent parts of 
the gneiss, owing to the transitions to granite, as mentioned, 
they state that in general along certain axes the gneissic belts 
are manifest and separated one from the other by zones in 
which is evolved the granitic type. Further, intercalated in 
the midst of the gneiss are bands of real mica schist. In total, 
therefore, the mountain is composed of two great zones, more 
granitic than gneissic, enclosing between them a region where 
the protogine is more gneissic and schistose, a region which cor- 
responds to a great central depression. 

(3) The mica schists are accompanied by amphibolytes. 

(4) While there are distinct a|X)physes of the protogine 
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that penetrate the schists in an intrusive manner (p. 22) there 
are other places where there is a gradual passage from the 
schists to the protogine (p. 23) through gneissic and more or 
less augen types. This occurs at the "angle" of the Mer de 
Glace, at Aiguille des Grandes Mantels, at the peak des 
Rachasses, in the summits that overlook the glacier d'Ar- 
gentieres and des Rognous. It is the same on the opposite 
side of the glacier d*Argentiere and in the valley of the 
Dumand ; also at the stairway from Six des Orques to la 
Gurra and in reascending under the summit of Grande Becca, 
and elsewhere. Here the protogine passes insensibly into 
gneissic varieties. In the same gorge of Durnand "are seen 
first schistose bands, which little by little become more gneissic 
and which pass evidently to protogine." 

These field appearances are identical with those which 
the writer has described in the final report of the Minnesota 
geological survey and which, prior to careful petrographic ex- 
amination, seemed to him conclusive to prove the cotempo- 
raneity of origin of all rocks concerned, and also the origin- 
ation of all the igneous characters of the granite and of the 
gneiss from intense metamorphism and even fusion of the ele- 
ments of the mica schist. The gradual transitions occur, un- 
der this hypothesis, where the original strata were not com- 
pletely fused and displaced or were of differing composition, 
and the abruptly intrusive contacts where the plastic or molten 
matter accompanied and aided by hot water, was carried 
amongst the still infused rocks of the original terrane of the 
region. Where this transference was miore gradual, and was 
largely due to water solutions, the pegmatitic structures were 
formed. 

There is an essential difference, as relates to the schists, 
between these hypotheses. According to the authors the 
schists, as schists, preceded the granite. According to the 
writer they are cotemporary with the granite, and represent 
the lower terms of the same process that gave origin to the 
granite. 

(5) The silica of the protogine is found to vary from 66 
to 76 per cent, which shows a granite relatively acid, dis- 
tinguished by that fact from the granite which forms crystalline 
zones exterior to the massif of Mt. Blanc. These variations 
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mon chain. For instance (p. 117), there are isolated lentilles 
of pegmatyte in the schists, these being from one to twelve 
centimeters in diameter, and similar lentilles are developed in 
the gneiss, and these are sometimes generated at considerable 
distances from any known granitic mass. 

All these minute, as well as the grander alterations in the 
schists of Mont Blanc, the authors ascribe to two agents 
which acted in conjunction, viz: dynamometamorphism and 
magmatic injection. The work is, in its general conclusions, 
an able contribution to the idea of endomorphism of intrusive 
rocks by the reaction of the intruded rock on the intrusive. 
Frequently the authors find a bordering band of gneiss or 
gneissic schist round about the central massif. This rock is 
sometimes classed as a more perfect metamorphic and some- 
times as a gneissic part of the granite (p. 158). In either case 
the explanation is the same, and in all cases in which granitic 
aspects api>ear in the schists tliey are supposed to be due to the 
granitizing effect of granitic injection in the near vicinity. In 
other words the interchange of rock material was mutual and 
in opposite directions. The acid element entered the more 
basic schists, and the schists gave of their iron and magnesia 
to the granite. This process is reasonable, and in some degree 
certain, given the conditions precedent, but it assumes that the 
crystallization of the schists had been produced anterior to the 
appearance of the granite, instead of being the accompaniment 
of it. It is based also on an initial presumption which is not 
taken into consideration, but which is more fundamental. The 
chemical difference between the crystalline schists and the 
granite, from which the authors derive their conclusion of the 
different origins of these two rocks, is local and insufficient for 
their inference. It is probable that the schists, considered en 
bloc, including the sericitic schists and all the rocks associated 
with them, would give, in case of complete fusion, a magmatic 
rock identical or similar to the granite of Mont Blanc. 

It seems to the writer, therefore, that there are lacking 
certain links in the argimient for foreign origin of the granite. 
On the contrary the granite seems to have an autogenetic 
origin, because: 

I. The widespread metamorphism cannot be attributed to 
contact effect. It is more of the nature of regional metamor- 
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phism. The immediate contact zone of the schists is not diff- 
erent from the schists at some meters distant from the granite. 

2. It is hardly in accordance with known contact metamor- 
phism, nor with any observed nor hypothetical case, that an in- 
trusive rock should impart to the intruded rock siliceous ele- 
ments that should arrange themselves in banded order, such as 
seen in the gneisses and gneissic schists extending for such 
distances in successive alternation. 

3. It is impossible to believe that a granitic intrusion 
should cause the formation by infiltration of siliceous elements, 
of a banded gneiss or of granite within the schists at a distance 
say of a quarter of a mile from the known intrusive rock. 

4. There is an easier and more natural explanation of the 
origin of the gneisses and schist% by supposing them to have 
existed as sedimentary strata of varying acidity, subjected to 
profound regional mctamorphism, in the application of which 
were concerned lK)th dynamometamorphism carried to actual 
plasticity of the fragmental materials, "magmatic'* intrusion of 
some of the fused materials amongst the parts not plastic, and 
pneumatolitic transference of much acid matter amongst the 
same,forming pegmatytes and veins. This slow process was 
the cause of the total recrystallization of the fragmental materi- 
als in situ, so far as the same were not extruded as lavas, thus 
accounting for the absence of vitreous matter. This method of 
origin does not require the extraction of so much silica from the 
magmatic granite and its dissemination amongst the schists as 
to leave it a basic rock, nor the loss of so much basic material 
by the schists as to render them acid : it only requires that the 
elements pre-existing in the fragmental strata shall be heated, 
pressed and re-crystallized in situ in the presence of moisture 
or rendered plastic. The granite and the schists and gneiss 
then would date from the same epoch, and be derived from the 
sanie elements, differing in kind because of the variability of the 
dynamic force in its geographic application, and because of the 
variability of the original stratified mass. 

5. All the ascertained facts, whether structural, chemical, 
petrographic or pctrologic, would find consistent causes, with- 
out resort to hypothetical or doubtful processes. 

The phenomena that have been studied by the authors are 
parts of a larger problem than that they have applied themselves 
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tribittioii of the force that gave origin to the general metamor- 
phism. 

The southeastern flanks of the Mont Blanc massif differ 
from the western. Here is found a great mass of acid schists, 
characterized by satiny lustre, and by porphyritic quartz. 
From the description given this group is plainly quitfe like cer- 
tain Archcan light colored sericitic schists which have been 
described in several places in Canada, and in northern Mimie- 
sola. They vary from exceedingly fragile to firm and dense 
rocks. They are often distinctly bedded by sedimentary action. 
and they also form large bands and bosses that rise into ridges 
or hills of considerable size and endurance. They frequcnlh' 
iKCome strewn with quartz cr\^stals and by ortho-clase. They 
then resemble quartz porphyr>\ and have sometimes receiTcd 
that name.* They pass, however, to a more green porphtTitic 
rock» more basic, but still a part of the schist series, and also 
Ivcci'Hne a fine mica-schist more or less felsitic. In general the 
series is described by the autliors under the term "porphrrK 
quart zi fores," but they distinctly take note of the intercalations 
of schistose nvk and of granulyte (p. 89). 

Those schists and porphyries are allied to the schistcMc 
nvks of the Mont Rlanc region rather than to the granite, 
and botwcon thom and the granite there is no known gradual 
|vissagx\ Vet the autl>ors describe them from the view pahn of 
oruptiNX' origin, and their schistose features they ascribe tr- 
dx-nanio-metanx^rphic crushing. They never contain % iti eLHfc? 
matter, but quartz is developed as sjx>ng>- grains embracing -die 
iMlior oleiiionts. as vermicular quartz and as micrope^rcnarytt b^ 
entering into the feldsp^ars. Or this secondary quartz there is 
a oopiocs developn^ent. According to the author? these rDcks 
unvicr dxTiamic action take on such characters that they canncn 
be distinguished from certain horn >ch:st5, since tbe rniza if 
uT^axiTi out and disposed in parallel tr^irs, the ctiartzes ars 
broken and the parts lie adiacent, Ir xher c^^e- •'•^e *ej-^j;Tia^^ 
are sir.ii:aThr broker., and the reck ha5 the ^.srect r^f a*serizitir 
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phism. The immediate contact zone of the schists is not diff- 
erent from the schists at some meters distant from the granite. 

2. It is hardly in accordance with known contact metamor- 
phism, nor with any observed nor hypothetical case, that an in- 
trusive rock should impart to the intruded rock siliceous ele- 
ments that should arrange themselves in banded order, such as 
seen in the gneisses and gneissic schists extending for such 
distances in successive alternation. 

3. It is impossible to believe that a granitic intrusion 
should cause the formation by infiltration of siliceous elements, 
of a banded gneiss or of granite within the schists at a distance 
say of a quarter of a mile from the known intrusive rock. 

4. There is an easier and more natural explanation of the 
origin of the gneisses and schist% by supposing them to have 
existed as sedimentary strata of varying acidity, subjected to 
profound regional metamorphism, in the application of which 
were concerned both dynamoiruetamorphism carried to actual 
plasticity of the fragmental materials, "magmatic" intrusion of 
some of the fused materials amongst the parts not plastic, and 
pneumatolitic transference of much acid matter ainongst the 
same,forming pegmatytes and veins. This slow process was 
the cause of the total recrystallization of the fragmental materi- 
als in situ, so far as the same were not extruded as lavas, thus 
accounting for the absence of vitreous matter. This method of 
origin does not require the extraction of so much silica from the 
magmatic granite and its dissemination amongst the schists as 
to leave it a basic rock, nor the loss of so much basic material 
by the schists as to render them acid : it only requires that the 
elements pre-existing in the fragmental strata shall be heated, 
pressed and re-crystallized in situ in the presence of moisture 
or rendered plastic. The granite and the schists and gneiss 
then would date from the same epoch, and be derived from the 
same elements, differing in kind because of the variability of the 
dynamic force in its geographic application, and because of the 
variability of the original stratified mass. 

5. All the ascertained facts, whether structural, chemical, 
petrographic or i)etr()logic, would find consistent causes, with- 
out resort to hypothetical or doubtful processes. 

The phenomena that have been studied by the authors are 
parts of a larger problem than that they have applied themselves 
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mon chain. For instance (p. 117), there are isolated lentilles 
of pegmatyte in the schists, these being from one to twelve 
centimeters in diameter, and similar lentilles are developed in 
tlie gneiss, and these are sometimes generated at considerable 
distances from any known granitic mass. 

All these minute, as well as the grander alterations in the 
schists of Mont Blanc, the authors ascribe to two agents 
which acted in conjunction, viz: dynamometamorphism and 
magmatic injection. The work is, in its general conclusions, 
an able contribution to the idea of endcMnorphism of intrusive 
rocks by the reaction of the intruded rock on the intrusive. 
Frequently the authors find a bordering band of gneiss or 
gneissic schist round about the central massif. This rock is 
sometimes classed as a more perfect metamorphic and some- 
times as a gneissic part of the granite (p. 158). In either case 
the explanation is the same, and in all cases in which granitic 
aspects appear in the schists they are supposed to be due to the 
granitizing effect of granitic injection in the near vicinity. In 
other words the interchange of rock material was mutual and 
in opposite directions. The acid element entered the more 
basic schists, and the schists gave of their iron and magnesia 
to the granite. This process is reasonable, and in some degree 
certain, given the conditions precedent, but it assumes that the 
crystallization of the schists had been produced anterior to the 
appearance of the granite, instead of being the accompaniment 
of it. It is based also on an initial presumption which is not 
taken into consideration, but which is more fundamental. The 
chemical difference between the crystalline schists and the 
granite, from which the authors derive their conclusion of the 
different origins of these two rocks, is local and insufficient for 
their inference. It is probable that the schists, considered eft 
bloc, including the sericitic schists and all the rocks associated 
with them, would give, in case of complete fusion, a magmatic 
rock identical or similar to the granite of Mont Blanc. 

It seems to the writer, therefore, that there are lacking 
certain links in the argument for foreign origin of the granite. 
On the contrary' the granite seems to have an autogenetic 
origin, because : 

I. The widespread metaniorphism cannot be attributed to 
contact effect. It is more of the nature of regional metamor- 
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phism. The immediate contact zone of the schists is not diff- 
erent from the schists at some meters distant from the granite. 

2. It is hardly in accordance with known contact metamor- 
phism, nor with any observed nor hypothetical case, that an in- 
trusive rock should impart to the intruded rock siliceous ele- 
ments that should arrange themselves in banded order, such as 
seen in the gneisses and gneissic schists extending for such 
distances in successive alternation. 

3. It is impossible to believe that a granitic intrusion 
should cause the formation by infiltration of siliceous elements, 
of a banded gneiss or of granite within the schists at a distance 
say of a quarter of a mile from the known intrusive rock. 

4. There is an easier and more natural explanation of the 
origin of the gneisses and schist% by supposing them to have 
existed as sedimentary strata of varying acidity, subjected to 
profound regional metamorphism, in the applicaticMi of which 
were concerned both dynamomietamorphism carried to actual 
plasticity of the fragmental materials, "magmatic" intrusion of 
some of the fused materials amongst the parts not plastic, and 
pneumatolitic transference of much acid matter amongst the 
sanie,forming pegmatytes and veins. This slow process was 
the cause of the total recrystallization of the fragmental materi- 
als in situ, so far as the same were not extruded as lavas, thus 
.accounting for the absence of vitreous matter. This method of 
origin does not require the extraction of so much silica from the 
:iTiagmatic granite and its dissemination amongst the schists as 
^o leave it a basic rock, nor the loss of so much basic material 
T)y the schists as to render them acid : it only requires that the 
dements pre-existing in the fragmental strata shall be heated, 
3>ressed and re-crystallized in situ in the presence of moisture 
or rendered plastic. The granite and the schists and gneiss 
^hen would date from the same epoch, and be derived from the 
samie elements, differing in kind because of the variability of the 
dynamic force in its geographic application, and because of the 
variability of the original stratified mass. 

5. All the ascertained facts, whether structural, chemical, 
3)etrographic or petrologic, would find consistent causes, with- 
out resort to hypothetical or doubtful processes. 

The phenomena that have been studied by the authors are 
^arts of a larger problem than that they have applied themselves 
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to. Their demonstration of the grading of the schists into 
igneous rocks of various kinds is very important, and such 
gradation can hardly further be questioned by geologists. 
Whether such igneous rocks (granite, gneiss, dioryte, syenyte) 
originated in situ from pre-existing rocks, mostly detrital, or 
are derived de profondeur, entirely strangers to the rocks that 
they are now in contact with, is a problem that remains to be 
solved for the Archean of the Alps. N. h. w. 
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ON THE PETROGRAPHY OF SHEFFORD MOUN- 
TAIN/ 

By John A. Drbssbr, Richmond, Quebec, with Chemical Analyses by M.Pkank 

Connor, Ottawa, Ontario. 

PLATE XXI. 

Explanation op Platb. — The motintains indicated on the small map as 
crossings the St. Lawrence valley arc the following in order from left to right: 
Monnt Calvaire, Mount Royal, M ontarville, Beloell, Johnson (which is almost 
due soath from Beloeil), Rangemont, Yomaska. Brome and Sheflord. Rigand 
Mountain, which is beyond the western limit of this map, was considered by 
Logan also to belong to the series, but the recent researches of Mr. O. E. Le- 
Roy (Bull. Gcol. Soc. Am. 1900,) render the accuracy of this view extremely 
doubtful. 

The broad flat valley of the St. Lawrence river, which sep- 
arates the Laurentian highlands on the northwest from the 
hilly region of the Appalachian uplift at the southeast, is 
crossed in the latitude of Montreal by a line of volcanic hills, 
which appear at intervals of ten to twenty miles and rise to 
bights varying from seven hundred to twelve hundred feet 
above the surrounding country. Their igneous origin and in- 
trusive relations have long been known,t the best known be- 
ing Mount Royal, which gives its name to the city of Mont- 
real at its foot. 

The most easterly member of this series (see map) is the 
elevation known as the Shefford mountain, which covers an 
area of rather less than nine square miles in the county of 
Shefford about fifty miles east of the city of Montreal, and 

•Published with the permission of the Director of the Geological Survey of 
Canada. 

fSiR W. E. Logan and Dr. T. Stbrrt Hunt, Geology of Canada, 1863, o. 
GS5, and also in earlier reports. 

Dr. R.W.EtLs. Annual Report, Geological Survey of Canada, 1894, part 3; 
Dr. p. D. Adams, Remarks, p. 74, ibid. 

Canadian ^'Record of Science,** Vol. VIII, No. 2. 
A monograph on Mount Johnson, of this series, which will soon appear 
'the able pen of Dr. Adams, will be looked for with much interest by petro- 
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rises nearly twelve hundred feet above the surrounding coun- 
try or about sixteen hundred feet above mean sea level. 

With the larger and adjacent mass of Brome mountain, 
which work in progress shows to belong to the same series, 
Shefford mountain lies well within the folded belt of the Ap- 
palachians, though owing to the extensive denudation from 
which the region has suffered, this fact has little if any dis- 
cernible influence on the topography of the immediate local- 
ity. The sedimentary strata which surround the mountain 
have been shown to be of Sillery (Lower Cambrian) and Low- 
er Trenton age. They are found to wrap around the igneous 
mass of the mountain mantling it with a hardened contact 
zone to a hight of three hundred to one thousand feet above 
the surrounding country, according to the direction of glacia- 
tion. Above the latter hight the mountain rises upwards of 
two hundred feet, the summit being capped by an outlier of 
Trenton slate about a quarter of a square mile in extent. This 
preserves the cleavage, dip and strike of the similar rock at 
either side of the mountain, and is penetrated by dykes from# 
the underlying igneous rocks. ♦ 

From these facts together with the absence of tuffaceous 
material, and the general arching of the strata around the 
mountain, it is inferred that Shefford mountam is an uncov- 
ered laccolith rather than the denuded neck of a once active 
.volcano. It is also evident that the depth attained by erosion 
in this part of the St. Lawrence valley cannot have been less 
than twelve hundred feet, and may have been much more. Its 
maximum does not seem to admit of anv verv reliable means 
of computation. The restoration of the folds of the strata, 
which are altogether worn down, would be the natural method 
of investigation, but the strike of cleavage, coinciding with 
that of the bedding, while the dip of the two is probably very 
different, so far complicates the question as to seemingly 
preclude the possibility of any but the most hypothetical cal- 
culations. 

In the igneous mass three classes of rocks whose field 
relations show them to be products of as many separate per- 
iods of irruption (map) are easily distinguished. They are in 
order of intrusion, essexyte, nordmarkyte, and pulaskyte. 
Their comparative mineralogical composition may be shown 
as follows: 
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Essexyte, This is a rather coarsely crystalline rock of a 
dark gray color and weathering to a rusty brown. On a fresh 
fracture feldspar is seen to be slightly the most abundant con- 
stituent, and by the aid of the lens part of it can be seen to be 
striated and hence triclinic. A black or dark brown horn- 
blende is the most conspicuous of the dark colored constit- 
uents. This varies considerably in amount and in some of 
the contact phases makes up fully half the rock, but in general 
it is quite subordinate in proportion to the feldspar. In parts 
of the rock considered typical it is also exceeded in quantity 
by a light colored augite, and brown mica is quite abundant. 
A mechanical separation of the rock was made by Mr. O. E. 
LeRoy at the petrographical laboratory of McGill University 
which gave the following results regarding the feldspars — 
when the specific gravity of the Tlioulet solution, which was 
employed, was reduced from 2.689 to 2.651 much feldspar 
fell; between 2.651 and 2.562 much also fell, part turbid and 
part clear grains; between 2.583 and 2.524 a smaller amount, 
all turbid. There were no lighter constituents. 

Grains from each of these specimens were mounted and 
ground for microscopic examination. The first was found to 
be rather broadly striated and to have an extinction angle as 
high as 36" measured on the albite twinning lamelL'e. These 
are accordingly classed as labraclorite. The second, in which 
the twinning lamellae are finer, sliowed only very low angles 
of extinction in the clear grains, which are referred to oligo- 
clase-andesine. The turbid grains of this weight are found to 
be either zeolitized labradorite or composite grains of ortho- 
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clase and a heavier constituent. The lightest constituent was 
found to be unstriated feldspar presumably all orthoclase. It 
fell in smaller amount than either of the others. 

In the thin section of the rock the labradorite is found in 
better formed crystals, but in smaller amount than the oligo- 
clase-andesine, while orthoclase, which can often be distin- 
guished by its incipient alteration, is the least abundant of the 
three feldspars. 

Augite is colorless and without pleochroism. It shows 
characteristic cleavage, nearly right angled, and extinction 
angles as high as 45*. 

Hornblende is brown varying in shade from deep chest- 
nut to yellowish. It is trichroic, the scheme of absorption be- 
ing c > b > a. The greatest angle of extinction that was 
observed c A c was 27\ 

Biotite in some instances is intergrown with horneblende, 
and in others encloses numbers of augite crystals promis- 
cuously arranged, thus giving an excellent micro-poikilitic 
structure. 

The structure of the rock is hypidiomorphic and the order 
of crystallization, the normal one for plutonic rocks. The 
ferromagncsian minerals enclose the basic accessories and are 
themselves generally of an earlier order of crystallization than 
the feldspars. Of the latter the labradorite has crystallized 
earlier than the oligoclase-andcsine and both are cemented 
together by orthoclase. 

Tlie rock thus agrees essentially with the characters of 

the essexyte group, a near analogue probably being the augite 

(lioryte of Rosita Hills, Colorado,* described by Cross fXVII, 

An. Rep. V. S. G. S). A specimen of essexyte from Salem 

Neck, ]\lassaclnisetts, kindly given me by Mr. J. H. Sears of 

the Salem Academy of Sciences, agrees completely with some 

of the darker and more hornblendic portions of the Shefford 

mass. 

The following are the results of (I) analysis of a specimen from 
Morriseau's quarry, Sheflford, which, judging from the microscopic evi- 
dence, is probahly the most acidic ])art of the intrusion ;t (II) Augite- 
dioryte, Rosita Hills. Colorado; (III) Essexyte, Rangstock, Bohemia 

•This has been incladed by Prof. Rosenbusch in the essexyte s^oup. — •'Ble- 
mente Gcsteinslchre." 

+ \ few small srrains of qunrtz were fonrif! in a section from this specimciif 
the only (|uartz that has been found in this rock. 
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(cited by RosenbuBch, loc. cit.); (IV) The original Essexyte, Salem 



Neck, Mass. 
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Nordmarkytc, This rock was described under the head 
of granitoid trachyte by Logan (Geology of Canada, 1863, P- 
653) as "being made up in a great part of a crystalline feld- 
spar, with small portions of brownish black mica, or black 
hornblende, which are sometimes associated. The proportion 
of these minerals is never above a few hundredths, and is often 
less than one-hundredth. The other mineral species are small 
brilliant crystals of yellowish sphcne, and others of magnetic 
iron, amounting together probablv to one-thousandth of the 



mass." 



To the essential minerals there should be added a nearly 
colorless augite, which commonly equals the hornblende in 
amount and is a rather more persistent constituent of the rock. 
The feldspar is almost wholly a microperthite, which as the 
following analysis by Hunt (Geology of Canada, 1863, p. 
476) shows, answers approximately to an isomorphous mix- 
ture of albite and orthoclase molecules in the proportion 
of 3 : 2. 

I. Feldspar, Shefford. Analysis by Hunt. 

II. Kryptoperthite, Laurvik, Norway. Analysis by Emelin, Syenit- 

pigroatitganf^e, p. 524. 

III. Anorthoclase, Marblehead Nock, Mass. Analysis bv Chetard, 

Bull. Mus. Comp. ZooL, XVI. 

IV. Approximate theoretical composition of feldspar having the form- 

ula Aba Oro. 
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Augite in this rock, commonly occurs in stout columnar 
crystals and in ordinary light is either colorless or slightly 
greenish, without perceptible pleochroism. It is frequently 
associated with smaller grains of magnetite and both may en- 
close needles of apatite. Hornblende in the thin section is 
green or yellow in ordinary light, never brown as in essexyte. 
Sections parallel to c = ' deep green ; b ^= yellowish green ; 
a =: straw-color. 26' was the greatest value found for c /\ c. 

Biotite polarizes in unusually brilliant tints, probably in- 
dicative of a larger proportion of iron than usual in its com- 
position. Sphcne is frequently quite an abundant accessory 
and occasionally a few grains of quartz are seen. 

In structure the rock is coarsely granitic. The absence of 
quartz in sufficient amount to form a cementing material for 
the other constituents tends to render it friable on exposure 
to the atmosphere. It is easily disintegrated and, where pro- 
tected from heavier glaciation, is often reduced to a loose mass 
of rectangular grains of feldspar for several feet in depth. 

It will be seen from the above description that this rock 
bears a close resemblance to some of the syenyte types of 
southern Norwav which have been made classic bv the work 
of Prof. W. C. Br(*)gger. Compared with thin sections of 
laurvikyte from Frederiksvarn, or in other cases with nord- 
markyte from Christiana, the only discernible differences are 
that feldspar from Shefford is microperthite, rather than 
kryptoperthite, and that a "schiller" structure frequent in the 
augite of the laurvikyte is not seen in that from Shefford. The 
first mentioned difference is onlv one of the texture of the al- 
bite-orthoclase intergrowth, for, as has been shown by the 



Petrography of Shefford Mountain. — Dresser. 209 

chemical analyses already quoted, the minerals are practically 
identical in ccmiposition while the "schiller" structure is 
merely a structural difference which may at least be of second- 
ary origin. From its chemical affinities as sliown in the fol- 
lowing analyses, however, the rock is classed as nordmarkyte. 
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I. Nordmarkyte, Shefford. Analysis by Connor. 

II. Nordmarkyte from Tonsenus, Norway. Cited by Rosenbusch in 

"Elemente der Geeteinslehre." 

III. Quartz Syenyte, Dike Rock, Fourche Mt., Arkansas. Analysis by 

Brackett, Described by J. H. Williams. 

IV. Syenyte, Mt. Ascutney, Vermont. Analysis by Hillebrand, U. S. 

G. S. Bull., 148. Petrographic data by Daly and Jaggar. 

Pulaskyte. This rock is somewhat variable in appear- 
ance passing from a gray and somewhat porphyritic trachyte- 
like rock in the central part of the mass to a greenish and 
more distinctly porphyritic rock along its margin. Small crys- 
tals of black hornblende and larger ones of feldspar can often 
be seen in the feldspathic ground mass. By the aid of the 
microscope the feldspathic phenocrysts are found to consist 
of both orthoclase and plagioclase. The former appears to 
predominate in the interior, while towards the exterior of the 
mass plagioclase becomes more abundant, a variation that 
seems to be analogous to that described by Cross* in the Game 

•Geolosrv of Silver Cliff and the Kosita Hills, Colorado. Whitman Ckoss, 
17tb An. Rept., U. S. G. S., p. 306. 
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Ridge trachyte of the Rosita Hills, Colorado. Hornblende in 
this rock is chiefly green in ordinary light as seen in the thin 
section, though a few of the largest crystals are brown re- 
sembling the hornblende of the essexyte, while the preen is 
like that of the nordmarkyte. Both are trichroic with the same 
scheme of absorption, viz.: c > b > a and extinction angles 
as high as 26° -27° have been observed in sections in the zone 
of the clinopinacoid. Augite when present is of the colorless 
variety described before. 

Biotite occurs in large individuals but is on the whole 
less abundant than hornblende. The groundmass consists 
chiefly of short rather stout prismatic sections of feldspar 
which have a parallel extinction and are packed together in 
a close and nearly parallel arrangement, with a little allotrio- 
morphic feldspar in the interstices. .\ little undetermined 
matter occurring interstitially aiuongst the feldspars was 
thought to be altered iicpheline. It may, however, be only 
kaolinized orthocla.sc, .A, few ?lriated sections appear which 
extinguish at low angles with the twinning lines and are 
probably oligoclase. Tliey are unimportant in amount. The 
texture of the rock was found too fine lo admit of a mechan- 
ical separation. 

Its mineralogical and structural characters at once suggest 
the aflinity of this rock to pulaskytc, first described by Mr. 
J. !■■. Williams* from Arkansas, a view that is also corrobo- 
rated by the results of its chemical analysis. In the hand speci- 
mens it is generally somewhat lighter in color and finer in 
texture than the specimen of pulaskytc in the educational ser- 
ies of the United States Geological Survey at the petrograph- 
ical lalwratory of McGill University, and judging from the 
published description it is very similar to the porphyriUc 
syenyte froin Saline county, Arkansas,* This, however, 
■considered by Williams as scarcely to be distinguished frc 
pulaskytc, occupying the same position amongst the i 
Tocks of Saline county that pulaskyte holds at Foiu 
tain. 

A variety of this rock in which hornblende .»*• 
replaced by .Tgcrine- augite a]ii>i";nli.s vt-ry c'^ 

•'■The l«ncou"Roclm>f ArkBU«o-..' : I ^Miii*.-" 
Suney xsf AikuntMB, Vo1.JI,]BB0, 
tll'id. p. 140 and tcq. 
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vsbergyte type. It is apparently closely related to the acmite- 
trachyte of Profs. Wolff and Tarr. (Bull. Mus. Comp. Zool., 
Cambridge, 1893) afterwards re-named by Prof. Wolff as 
tinguayte, var. solvsbergyte. In that rock, however, the bi- 
silicates are in the form of aegerine and augite intergrown, in- 
stead of a single mineral of intermediate composition as at 
Shefford. 
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I. Pulaskyte, Shefford. Analyeis bv Connor. 

II. Pulaskyte, Fourch Mountain, Arkansas. Analysis by Brackett 

and Smith. 

III. Umptekyte, Red Hill, Moultenborough, New Hampshire. Cited 

by Rosenbusch, loc. cit, i 

IV. Solvsbergyte (Acmite Tracheyte), Shield's River, Crazy Moun- 

tains, Montana. Analysis by Melville. Described by Wolff 
and Tarr. 

Contact Fades. 

The endomorphic contact facies of each of these rocks is 
marked by an increase in the proportion of the ferromagnesian 
constituents and the appearance of nepheline and sodalite 
amongst the accessor)- constituents. The essexyte thus be- 
comes a very, dark rock of which hornblende alone sometimes 
Tnakes up about one-half afnd frequently approaches very 
nearly to the character of theralyte. The nordmarkyte shows 
also a great increase of the basic constituents, especially bio- 
tite. The feldspar too changes from microperthite to krypto- 
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perthite and plagioclase becomes a noticeable constituent. As 
in the essexyte a little nepheline, usually quite decomposed, 
and a blue sodalite appear. The latter occurs in strings 
amongst the feldspars and like the nepheline was one of the 
latest minerals to crystallize. Some contact features of the 
pulaskyte have already been mentioned and, like those of the 
other two rocks, indicate an increased basicity in the peri- 
pheral portions of the mass. 

Later Dykes. 

Besides dykes of the various classes of rocks which con- 
stitute the main mass of the mountains there are many of later 
age which are themselves of at least two different ages of in- 
trusion. They were distinguished in the field as the light col- 
ored and the dark colored dykes, a distinction which detailed 
study proved to be a natural one. The dark colored dykes 
were found to be intersected in numerous instances by the 
light colored ones and no case of the reverse has been found. 
Hence they are undoubtedly the older. The later or trachytic 
class become in a few cases quite free from bisilicates, Jtave 
the trachytic structure less pronounced, and so pass into bos- 
tonyte, while the earlier series are chiefly laniprophyres. Some 
are of the camptonyte type, while others occasionally assume 
a more plutonic cliaracter and by the addition of nepheline in 
essential amounts pass into a hypabyssal form of theralyte. 

Magmatic Relations. 

The complementar\- nature of the dykes as well as of the 
rocks of the first and second irruptions seem to indicate beyond 
question that the igneous rocks of Shefford are only slightly 
differentiated products of a single magma. The splitting up 
of an alkaline magma into dykes oi the camptonyte and bfw- 
tonyte series is too wcl! known to require comment, anil in the 
absence of chemical analyses it can only be said that their 
presence indicates an original magma of medium bnuicity. 

But in the case of greater and consequently the much more 
important masses, it is interesting to note that ll»- ' 

mean in chemical composition bel vecn 



nordmarkyte of the first and seCQ 
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ing aside quantitative calculation's of the output of these 
two rocks, or considering them equal, which may reasonably 
be done, the chemical character of the primary magma was 
about that of the pulaskyte. 

For convenience in reference their chemical analyses are 
I between the essexyte and the nord- 
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I. Elssazyte. 

II. Nord markyte. 

III. Pulaskyte. 

IV. Mean between Eseexyte and Norclmarkyte. 

In order of intrusion the successive chemical variations 
have accordingly been : 

1. More basic than the pulaskyte magma =: essexyte. 

2. More acidic than the pulaskyte magma — nordmarkyte. 

3. The normal, or pulaskyte 

4. More basic = Camptonyke dykes. 
More acidic = Bostonyte dykes. 
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PALEONTOLOGICAL SPECULATIONS. 

II. 

Biological Crises, 

By L. P. Gratacap. 

(Continued from Vol. XXVII. p. 75.) 

Surveying a paleozoic series of fossils the student is im- 
pressed with the recurrence of periods of great fecundity or, 
more exactly, for it does not have reference to mere individ- 
ual multiplication, periods of especial creativeness. A hori- 
zon is encountered when the rocks suddenly (?) swarm with 
related forms of life, quite manifoldly developed. They rep- 
resent those moments, in the survey of a cabinet, when the 
visitor finds the sort of animal life (presented as fossils) ex- 
panding over a number of shelves or even cases, which, in 
related forms, are elsewhere found limited to one or a few. 

Such arc for instance, the numerous specimens of trilo- 
bites in the Upper Cambrian, the Cystidea in the Upper 
Silurian, the lamcllibranchs in the Devonian, the crinoids in 
the Lower Carboniferous. It would be preposterous to call 
these ocurrences unannounced, but they have some of the 
character of surprises.* Dr. Hall (Preliminary Notice of the 
Fauna of the Potsdam Sandstone) in speaking of the re- 
mains of primordial trilobites in Wisconsin and Minnesota 
adludes to their great numbers ; ''the material consists of 
glabellae, separated cheeks, caudal shields, and fragments 
of thoracic articulations either lying separately or crowded 
together, sometimes forming the principal part of layers one 
or two inches or more in thickness." 

Developed with these were the great numbers of inartic- 
ulate brachiopods, so that in individual enumeration, as Owen 
has remarked, the "number is immense; some slabs so cov- 
ered with shells, that it would be difficult to place the finger 
on a spot without touching some of them," and in less than 
500 feet, a recurrence of six trilobite beds. 

The variation and wealth of specific forms is well indi- 
cated in Whitfield's remarks on his own species Crepiceph- 

*Lapparent has indeed used the expression, in speakini;;: of this primordial 
fauna, 'Teclosion, qui aemble preaqtte subite, de la remarquable fatme decms^ 
taces a laqiselle Barrande a donne le nom de fatine primordiale." 
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alus oniistus (Geology of Wisconsin, Vol. IV, p. 183) where 
he writes, '^there seems to be an almost endless variety of 
this group of trilobites preserved in the rocks of this period, 
differing principally in the combination of features as shown 
in the cephalic shield. The numerous species are readily 
recognized, however, by the form of the fixed cheeks and 
glabellas, even where no other part of the animal can be de- 
termined; and though it may appear incredible, entirely new 
forms are presented among the specimens obtained from each 
individual locahtv." 

Dawson, Hartt and Matthews have similarly indicated 
the abundance of trilobitic remains in the Acadian fauna at 
Ratcliffe's Mill-stream, St. Johns, and elsewhere in New 
Brunswick, "where some of the layers are |>erfectly loaded 
with fragments of trilobites." 

Matthew also says, in his paper on the "Fauna of the St. 
John group" (Transactions Royal Soc. of Can., 1891, p. 55) 
"in the black slates of the Bretonian Division there are locally 
immense numbers of minute trilobites which appear to rep- 
resent in the economy of nature the swarms of Agnosti that 
are found in the' fine shales of the Acadian division and were 
there buried in the fine mud that entombed the Paradox- 
ides." 

The language of Barrande is well known (Systeme Silur- 
ien de la Boheme, Vol. I, Suppl., p. 397) "sous le rapport de 
la frequence des individus, on sait que dans toutes les con- 
trees ou la faune primordiale est connue, les restes des tril- 
obites, paraissent innombrables tandisque les traces des 
autres fossiles sont rares. Ainsi, en Boheme on pent estimer 
la frequence des trilobites, comme au moins centuple de celle 
de toutes les autres formes fossiles. Cette estimation est 
probablement beaucoup audessous de la verite. D'apres les 
descriptions des savans, il en est a peu pres de meme dans 
toutes les autres contrees, sur les deux continens." 

The researches of Walcott and MM. Brogger & Schmidt 
have now definitely aided paleontology in establishing three 
zones or faunal expressions to the Cambrian day, the Olen- 
ellus (annelidan), Paradoxides, and Olenus. The vertical 
separation, in sediments, of these beds is represented in 

*Notis n'y trouvouA ccpendant ancum tvpe de trilobite que Ton paisse con- 
•iderer comme appartenant a unc famille distincte de ceax des couches a Para- 
doxidea. 
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thousands of feet, and in similar zones the separation of dif- 
ferent beds is almost as great, yft the biological expression 
is not extremely contrasted throughout and, as the French 
translator of Matthew's paper has remarked" (Soc. Mai. de 
Belgique; Ann. 4th, 1888, p. 552), the lowest beds holding 
the earliest trilobites offer no significant evidence, in their 
trilobitic remains, of embryonic or formless stages of de- 
velopment. That is while larval conditions may appear they 
are stages in an individual life history, not fixed preparative 
stages in the development of a phylum,* It is logical, or at 
any rate natural to assume that throughout the long periods 
of time antecedent to the Cambrian age these preparative 
stages were evolved and completed, but as a matter of con- 
temporaneous geological history they have not yet been dis- 
covered, and possibly, from their perishable nature, cannot 
be. The trilobites of the Cambrian in their numerical abund- 
ance, their very considerable specific variation, their sudden 
appearance in the paleontological series, and their apparent 
chronological isolation justify the characterization of a bi- 
ological crisis. The only wa)' to throw light upon this prob- 
lem is to consider the circumstances of similar biological 
multiplications and intensity in living faunas. 

It would seem certain that the trilobites enjoyed an al- 
most complete immunity from those accidents which , today 
devastate the young broods of crustaceans, while the almost 
infinite resources of multiplication with which this phylum is 
endowed permitted unrivalled opportunity for propaga- 
tion and distribution. Profs. Sars and Boeck have 
pointed out the numerous dangers to which the young lobster 
is exposed and which must necessarily greatly reduce the 
total numerical maximum attainable by that animal. The 
young larval lobster suffers from the attack of fish, the en- 
tangling effect of sea-weed, the injurious physical character 
of the coast, whither currents may transport them, sudden 
changes of temperature,t and impaired vitality from abrupt 
or delayed discharge from the parent. 



tfacy arc matnrc deflncd and indl' 

that the Opiittaopurla (Coaocorypbldi 
probably culminated duHnR tkc Cam' 

tAlthough Id 1M79 lobitcn with 
we«t coast and "had with them ov< 
jit no rc«ntt» bare apparently flowed 
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Fish were absent in the Cambrian seas, mollusca had 
reached no formidable growth, the shores were devoid of ex- 
cessive algous occupancy, and probably thermal conditions 
were benign. 

If we assume for the trilobite the fecundit>' of the ordi- 
nary crustacean, which in the lobster presents a phenomenal 
intensity since to the enormous number of ova in a female, 
the practical impregnation of every ^gg superinduces an al- 
most unparalleled generative success, and if we add to this 
the most optimistic circumstances of its environment, the 
great development, wide distribution, and individual num- 
bers of the Cambrian trilobites does not seem so extraordi- 
nar}'. In other words a biological crisis is coincident with 
the period of greatest internal and external harmony. When 
with the congenital forces of procreation, the physical fac- 
tors are so encouraging and sympathetic as to give them their 
extreme amplitude of action, the zoological result must at 
least be surprising. 

In Semper's contributions to the influence of surround- 
ings upon the animal organism (International Science Ser- 
ies, 1881) he has pointed out the varying influences of food, 
temperature, atmosphere, water motion, currents, subsidence 
and upheaval, ocean waves, pressure, and the influence of 
living surroundings. Amongst these for the purpose of real- 
izing the possible biological results amongst the trilobites of 
the Cambrian we may select food, temperature, water motion, 
currents, land movements and living surroundings. These 
must all have been reasonably favorable, and we can from 
geological evidence establish their probable coexistence and 
reinforcement. 

The crustaceans of the sea t6day feed upon algae and 
young marine animals. The Cambrian sea doubtless furn- 
ished algae in abundance of a unicellular type but more es- 
pecially there is reason to think that protozoon, metazoon, 
and coelenterate life was omnipresent, and if the contention 
raised in the former section of this paper that the sea shores 
witnessed the earliest evolution of marine life, here rhizo- 
pods, sponges, medusae, jelly-fish, anemones, today vora- 
ciously eaten by lobsters and crabs would have abounded 
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and furnished an unlimited food supply to the somehow rap- 
idly advanced type of crustacean life.* 

Granted that the food supply was abundant Semper's 
statement directly applies. He says (p. 65) "it is self-evident 
that an optimum of nutrition can alone insure the 
normal functions of all the organs; if it does not 
attain the optimum, the functional activity of all the 
organs is impaired; modifications at the same time occur 
in their structure, i, e., the animals grow leaner because in- 
capable of exercising their sexual functions, etc." The sex- 
ual powers of the Cambrian trilobite so far as food strength- 
ened or increased them were probably well developed. 

Temperature was propitious. It has been over and again 
demonstrated that warmth vitalizes the generative functions. 
There is a wide range of diflfering capacitv in this respect in 
animals, and the familiar term eurythermal has been applied 
to those organisms which endure contrasted temperatures. 

But the fact is almost universal that heat is stimulating 
and helpful, to animal life and its functions. It has been ob- 
served that snails of the warm Mediterranean region are 
quickly brought to sexual maturity and that "species of the 
same genera, perhaps even the same species, in damp and 
cold climates do not produce a new generation until they are 
fully grown while in the dry warm region of the Mediter- 
ranean they have produced two generations before they are 
fully grown" (Semper). Semper has himself observed that 
the larv^ae of Branchipus and Apus hatched out in less than 
twenty-four hours at a temperature of 30' Cent., but at 16*- 
20* they required some weeks. 

Today our shore crustaceans require the warmth of sum- 
mer to bring their powers of fecundation into activity, but it 
can readily be understood that the Cambrian trilobite in an 
equable and hot climate, such as in all probability, and, as 
ahnost universally recognized, prevailed at that period, may 
have excluded two broods or more in the seasonal year, while 
the rapidity of development of the larvae into mature forms, 
and their early acquirement of sexual activity may have still 



♦The omnivorous propensities of the modern crayfish, have been character- 
ized by Hnxley, "few things in the way of food are'amiss to the crayfish; liv- 
id j? or dead, fresh or carrion, animal or vegetable, it is all one." TrilobHea are 
not crayfish, but it is reasonable to infer that the elements of nutrition in the 
■whole group of Crustacea are not dissimilar throughout. 
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further reinforced the numerical results. It was a time when 
as at the Philippine Islands today, true periodicity had dis- 
appeared, and eggs, larvae, and propagating individuals may 
have been found at all times. 

The remaining fa|Ctors that might have influenced the 
successful development of trilobites in the Cambrian seas 
were water motion, currents, land movements, and living sur- 
roundings. 

The prevalence of high waves, the rushing in and out of 
heavy volumes of water, would have been extremely detri- 
mental to the lives and propagation of crustacean animals if 
they were exposed to its mechanical violence and its accom- 
paniment of moving stones etc. But the evidence points to 
the occupancy of shallow shores or basins by the Cambrian 
trilobites and those generally of a sandy or muddy nature, 
in which no disturbances inimical to their quiet and contin- 
uous existence appeared. The conditions of a slowly advan- 
cing or receding sea (vide Chamberlain, Jour, of Geol., Vol. 
VI, p. 449) permitted their enormous multiplication along 
the thermally benign coast areas, while the absence of rapid 
or destructive currents seems certain from the usually con- 
formable and exact lamination of the beds where the trilo- 
bites occur in large numbers. 

Finally their living surroundings were almost invariably 
favorable, food was abundant and enemies absent. Their 
specific and generic variations are not so easily explained. 
They certainly point to an inheritance of characters developed 
far back of the Cambrian day, characters also quite deeply 
established, and ineffaceable by interbreeding or pan-mixia. 

The Cambrian faunal trilobite expression is that of a broad 
anterior shield more or less genally extended, a conoid head, 
an extended series of pleural segments, and a reduced or absent 
pygidium. Their separation into species and even genera sug- 
gest inherited anomalies in their evolution from the annelid 
(Bernard), and even point to divergent origins from differing 
annelid types. Bernard (Quar. Jour. Geol. Soc., Vol. 50) has 
described trilobites "as fixed specialized stages in the evolution 
of the Crustacea from an annelidan ancestor, which bent its 
mouth round ventrally so as to use its parapodia as jaws." Now 
it seems inconceivable that if evolution brought about this 
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change a single individual annelid or one restricted form of 
annelid started the process. However conceived, a number of 
forms or annelidan individuals gradually began this curious 
change, and it can be safely emphasized that such a change 
was not begun under the impulse of natural selection, since 
the turning under of two, three or four segments (somites) of 
a worm-like organism, so as to bring its mouth against its ven- 
tral surface would hardly prove a favorable position for com- 
petition with more extended and pliant congeners. 

If the inflection of the annelid body began at several dis- 
tinct localities simultaneously the stages of evolution may not 
always have been the same ; were not likely to be. And if this 
was so, there seems to be no need of presupposing even a geo- 
graphical connexion between separated geological areas, hav- 
ing similar species of trilobites; as the evolutionary stage 
might have, must have, eventuated at many places or more 
than one place, at the same time. The hypothesis of a single 
annelidan ancestor for the trilobites, or even manv identical 
ancestors seems inadvisable, and the hypothesis of a single 
center of origination and distribution even more so. 

But examining the Cambrian trilobites the impression 
deepens that the influence of environment and habits is dis- 
cernible, and that in the case of Dikelocephalus, Aglaspis, and 
Crepiccphahts, something like natural selection is hinted at. 
For in the first instance, that of the influence of environment 
and habits, it is seen in the assumption of the broad cephalic 
and genally rounded shield. The first form of the cephalon of 
the involuted worm would naturally have been in an inflated 
rhombic outline and the gradual development of an expanded 
crescentic and more flattened shield an adaptation to its new 
habits and new surroundings. It is further safe to assume 
that the evolution of a trilobite from a worm, began in the 
larval stages of the latter in order to preclude the almost im- 
possible thought of a fixed mature organism undergoing* 
changes that would so react on its own embryology as to es- 
tablish there a new series of metamorphoses. Take for in- 
stance the larval stage of the worm Polygordius, when from 
the enlarged cephalic mass the segmented body elongates, does 
not a condition supervene which might readily give or has 
given rise to a trilobitic phase? 
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However that might be .the primordial trilobites seem, as 
the earliest crustaceans, a good illustration of the influence 
of environment. They lived in shallow seas, along sandy 
shores, and occasionally in muddy and calcareous slimes. But 
in their motion over the sea bottoms or their occasional ex- 
cursions into deeper water they constantly encountered an op- 
posing pressure and the effect of mechanical resistance, in 
accordance with the principles of histological modifications 
enunciated and established by Ryder, would have hastened the 
growth of the trilobitic head-shield. Ryder has written of 
the hard exoskeleton of chelonians and armadilloes,* **the or- 
igin of dermal ossifications is to my mind rationally explained 
by supposing the bioplasm of each dermal cell as sensitive and 
irritable to rude or violent external impacts, which, oft re- 
peated, act as stimuli of growth force, determining certain 
tracts of these cells as the nidus within which osseous par- 
ticles eventually appear as nuclei of the future defensive der- 
mal bony system.*' The same theorem has received discus- 
sion in Prof. Cope's well known address on "Relation of An- 
imal Motion to Animal Evolution," and a capital illustration 
of one phase of it is found in the strengthened lateral teeth 
in the plates of Chitons exposed to the mechanical violence of 
waves. (See Pilsbry.) 

The chamge from a creeping habit to a swimming one 
would have, in accordance with this law, developed a harden- 
ing chitinous envelope over the head parts of the metamor- 
phosing annelid, wherever the stimulating effects of pressure, 
against water, sand, or mud, were felt. Environment and 
habit, on the assumption of an annelidan origin, must have had 
a sensible influence in producing primarily the crescentic 
shield-shape of the trilobites glabella. 

Natural Selection may have played some part in the rapid 
extermination of Diccllocephahis, Aglaspis and Crcpiccphalns. 
They are found with an extremely limited range, and, in the 
appreciable vertical distribution of Diccllocephalus, the occur- 
rences are sporadic. Broad expanded shields or blunt shoul- 
dered ones would have generally proved unfavorable to con- 
tinued existence along a stormy or tide invaded coast. In 
the former case their owners in shallow water would have been 

*On like Mechanical Conditions as producing: like Morphological Bffects. 
Amer. Nat., 1878, p. 157. 
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readily overturned and drifted up upon the beach, and the dif- 
ficulty of returning to their normal position increased by the 
flatness and width of their frontal carapace. 

Today tlie awkward and prolonged efforts of a Limulus 
to return to its normal position when upside down are finally 
rendered successful by the assistance of its telson. It can be 
pointed to as illustrating an effectual line of development 
which might have assisted the primordial trilobites, viz., flat 
and sloping heads, features absent in Dicellocephalus, Aglas- 
pis, Chariocephalus, Crepicephalus &c. 

Again it seems probable that the extended pleural segments 
of the primordial trilobites were correlated with a weak artic- 
ulation. This early crustacean failed in rigidity and coher- 
ence. It fell apart easily upon impact or collision or expos- 
ure. The line of favorable development in this case which 
would have strengthened the trilobite was in the direction of a 
shortened tJioracic extent and an increased pygidium. But 
the surfaces of attachment for e^ sacs were multiplied in the 
Cambrian multi-pleural forms and the intensity of multipli- 
cation was thereby augmented. 

From the early Cambrian Olenellus and the Paradox ides 
through Conocoryplie and Ptychoparia etc., to the Agnostus, 
IJlaenus etc., there is an evident relative shiinkage in the ceph- 
alic shield, a condensation of the pleune, a loss of pleural 
spines, a growth of the pygidium, all organic movements in the . 
direction of strength and solidity. Environment and habit and 
selection played important parts in aiding a determined devel- 
opment, but the remarkable and overshadowing importance of 
crustacean life in the Cambrian daj' must have resulted from 
an optimum in the conditions then favorable to their growth, 
and from the ease also with which evolutionary processes 
formed them from an annelidan ancestor. 

This latter observation deserves a moment's clearer consid- 
eration. The development of a trilobite from an annelid would 
have been, humanly speaking, a more natural and hence s 
more quickly completed change than that of a brachiopod from 
the same original organism. If such evolutionary processes 
began at the same time, at a givtn jwriod, subsequent to tl 
inception, the trilobite phylum v""^* *>««* ***** nurmffOugly 
represented, when as yet t 
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but slightly. In the evolutionary change from one organic 
form to some possible organic deduction from it, the gener- 
ative organs are probably the last to become fully habituated 
to an altered form and nature. There would certainly be less 
violent change from the generative functions of a worm to 
those of a trilobite than from the same to those of a brachio- 
pod, and along some line of elucidation like this we may par- 
tially explain the early preponderant profusion of trilobitic 
forms. 

Another instance of a biological crisis is the abundance of 
lamellibranch remains in the Upper Devonian in the Hamil- 
ton and Chemung rocks of New York. There is presented in 
the New York Hamiltc^, an extraordinary development of 
lamellibranchs exhibiting a marked and almost sudden dis- 
play of genera which continues with an increased numerical 
intensity and a noticeable similarity of types into the Chemung, 
to be practically obliterated in the Lower Carboniferous. The 
phenomenon seems filso to distinguish an optimum of condi- 
tions for growth and variation, and, as in the case of the tril- 
obites, must have resulted from a conjunction of a favorable 
environment and vital force. There is certainly a well marked 
development of bivalves in the Devonian and along with the 
appearance of new genera, a multiplication of species and an 
immense increase in individuals. 

In the studies of paleozoic lamellibranchs so carefully pre- 
pared of the N. Y. Geological Survey, though unfortunately 
incomplete, a tabulation of the species from the different geo- 
logical horizons from the Schoharie to the Waverly affords 
this interesting summary: 
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The showing of species for the Waverly is misleading. In 
the Preface (Vol. V, pt. i.) the authors (Drs. Hall and 
Beecher) explain the comparatively few species from this hori- 
zon as due to delay, interference, and their solicitude to bring 
their work to completion and publication. 
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The decreased number of species in the Waverly may there- 
fore not be of much significance, but the evident fact of a pro- 
gression forward from the Corniferous, the unquestioned 1am- 
ellibranchiate evolution of increased numbers and species to 
the Chemung and the obvious gaps between the Corniferous 
and Hamilton, the Hamilton and Chemung, the Chemung and 
Waverly are. 

Such gaps are an evident indication of a suspension of 
molluscan life incident upon unfavorable conditions and the 
withdrawal of the previous molluscan faunas elsewhere, as 
there can be no doubt of the continuitv of this lamellibranchiate 
life through the Upper Helderberg, Hamilton and Chemung 
periods. Those conditions were shore conditions, shallow 
water, continental drainage and more or less disturbed marine 
tracts wherein storms or waves easily dislodged shells, and 
caused their withdrawal to deeper water. On the other hand 
the increase of species in the populous pveriods after these gaps, 
would seem to indicate an acceleration k\ the production of 
species, which must have begim in some areas to which the 
molluscan fauna retreated upon the invasion of their previous 
habitat by the conditions represented in the Marcellus, Gen- 
essee, Portage and Catskill. 

The Marcellus group certainly does not represent- a period 
totally inimical to molluscan life. It only marks a decresence 
of the previously crowded fauna of the Upper Helderberg and 
holds within it (Clarke, Livonia Salt Shaft, 13th Annual Re- 
port, N. Y. State Geologist, p. 156-158), a succession of faunas 
which are both reminiscent and proj)hetic, being Helderberg^an 
and Hamiltonian in nature, besides its own indigenous fossils. 
The Marcellus, as the Genessee, presents, however, an in- 
structive illustration of displacement and conflict. It intro- 
duced conditions, and brought with it a life contrasted with the 
conditions and life which marked the Upper Helderberg, and 
yet in those conditions and life there remained a struggling 
survival of the latter, and many of the lamellibranchiate genera 
pushed their way through to the Hamilton, while on the other 
hand the Hamiltonian fauna moving landward inserted itself 
*' prcnunciaUy" (Clarke) in the Marcellus areas. 

Similarly in the Genessee, outside of the fundamentally 
characteristic ''intumcsccns'' fauna, the relics of Hamilton life. 



PaJeontoIogical Speculations. — Gratacap. 225 

and the precursors of Chemung life are found. But in both 
these cases we are evidently in the presence of oscillating con- 
ditions ; we have shown us again, what seems so universal 
and constant a predicament in the geological record, an extend- 
ing continental margin with a previous deeper sea life pushed 
away from the continental sediments and existing under stress 
and competition (See Chamberlin, Jour, of Geol., Vol. VI, p. 
449.) in narrower precincts, itself surging back again upon 
the continental shelf, somewhat modified by its long absence, 
when the deeper water conditions supervene nearer the land 
surfaces. Yet if the shallow water character of the Marcel- 
lus and Genessee is conceded the presence in both of ammon- 
oids seems contradictory. Dr. Clarke (50th Ann. Rep. Re- 
gents, p. 137) insists that in the Genessee these goniatitic re- 
mains are **not a mechanical invasion, a congeries of flotation, 
but is in haniiony with its components in mode and direction 
of derivation.'* Deferring a longer reference to that fact, and 
reverting again to the disappearance, sometimes partial only, 
of the lamellibranchs in the Marcellus and Genessee, we must 
conclude that the shallowing of the water was not an entirely 
determinate cause expelling them, but that some associated 
feature in the character of the water, or bottom, brought it 
about more explicitly. This feature may be the widely dissem- 
inated bituminous contents of these shales. There seems to 
be evidence that this bituminous matter was, to some extent 
at least, derived from the land and that it was disseminated 
through the water probably coincident with land storms, bring- 
ing on inrushes of fresh water, and overwhelming accessions 
of mud. 

It is well known that in the development of oysters, clear- 
ness of water, permanence and hardness of lx>ttom, still and 
undiluted marine conditions favor the survival of the young. 
And this is also true of other bivalves. Mr. R. E. C. Stearns 
in his suggestions as to the best means of transplanting the 
edible bivalves, (Glycimcris, Saxidoimis, Schizothocrus) of the 
Pacific coast to the east, has stated that such conditions should 
be measurably secured, though in the case of some of these 
shells, slime, alluvium, drainage and refuse matter did not 
actually exterminate, or even diminish them. Of course the 
Marcellus conditions if unfavorable to an expansion of lamel- 
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libranchiate life were not faltal at all to its continuance. Pan- 
enka and Lunulicardium survived in both the Marcellus and 
Genessee and Portage. 

If then the Marcellus, Genessee and Portage were marked 
by a diminished lamellibranchiate life, and if this diminution 
arose from the too strong prevalence of shore conditions; 
floods, suffusion of particles, dirtv water, brackish currents, 
sand-flats, tidal extremes etc., what does the general contin- 
uance of the lamellibranchs and their increase from the Upper 
Helderberg to the Waverly signify? 

Such a continuance in genera, as the following table shows 
is unmistakable. 

TABLE OF GENERA 



UPPER HELDERBERG HAMILTON 


CHEMUNG 


Aviculopccten 


Aviculopccten 


Aviculopccten 




Actinoptcria 


Actinoptcria 




Allocardiani 




Conocarditim 


Conocardium 
Cytherodon 


Conocardium 




Cimitaria 


Cimitaria 


Cypricardinia 


Cypricardinia 


Cypricardinia 
Crcnipccten 


Djstactella 


Dystactclla 


Edmondia 
Ectenodesma 


\ 


Elymella 




Glyptodesraa 


Glyptodesma 
Gosselettia 


Glossites 




Goniophora 


Goniophora 


Grammjsia 


Grammysia 


Grammysia 


Lyriopcctcn 


Lyriopcctcn 


Lyriopcctcn 


Leiopteria 


Leiopteria 


Leiopteria 




Leptodesma 


Leptodesma 


Limoptera 


Limoptera 
Leda 






Lunulicardium 


Lunulicardium 


Mytilarca 


Mytilarca 


Mytilarca 
Modiola 


Modiomorpha 


Modiomorpha 


Modiomorpha 


Microdot! 


Microdon 
Modiella 


Microdon 




Macrodon 


Macrodon 


Mcgarabonia 








Nucula 


Nucula 




Nuculites 




Njassa 


Nyassa 
Orthonota 




Palaeopinna 






Ptcrinopectcn 


Ptcrinopectcn 


Pterinopectcn 


Ptcrinea 


Ptcrinea 


Ptcrinea 


Panenka 


Panenka 




Paracyclas 


Paracyclas 


Paracyclas 
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Pararca 


\ 


Pararca 




Palaeoiieilo 


Palaeoneilo 




Prothyris? 


Ptychopteria 
Pteronites 




Phthonia 






Pholadella 


Pholadella 




Ptychodesma 
Palceanatima 


Ptychodesma 


Schizodus 


Palacomya 

Soleraya 
Sphenottis 
Schizodus 
Solen 


Prorhynchijs 

Sphenotns 
Schizodus 

Sanguinolitcs 



Tellinopsis 

The genera of the Upper Helderberg are twenty-one, of 
the Hamihon forty-three, and of the Chemung thirty-five. 
There is a sensible identity in the genera of the last two form- 
ations, with an increase of species in the Chemung. There 
would seem to be indicated here a biological crisis; that a 
group of organisms enormously expanded under favorable 
circumstances, and that when they were forced out of their 
habitats, they came into competition with each other in a 
smaller environment, and upon each return, brought back an 
increased number of species, possibly referable to that com- 
petition as a cause. 

As in the case of the trilobites, this crisis suggests some- 
thing like impulse, vis a tergo, assisted indeed by natural 
auxiliary conditions. There would seem to be no especial 
reason why, from the Potsdam to the Devonian, the lamelli- 
branchiate phylum, which was certainly in evidence through- 
out that long time, might not have reached as wide a circum- 
scription of species and genera as it did in the last named 
era, any more than there seems any special reason why the 
trilobites in the Cambrian attained a development quite un- 
rivalled since. It has been suggested in this paper that ev- 
olution could have acted more rapidly in the production of 
trilobites than it did in the associated life, reinforced by very 
favorable circumstances for their multiplication. Can it be 
conceived that in the case of the lamellibranchs there were in- 
herent obstacles to evolution, and a protracted restraint en- 
sued before this life group could store up enough biological 
spring to jump forward into formal (generic and specific) 
diversity? Is evolutional aptitude, like individual endowment 
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in men, a function of organization? Or is all evolution con- 
ditioned upon physical circumstances. In many ways it must 
be, and perhap this long quiescence of potential variability 
in the lamellibranchs proves it. 

At any rate we are afforded a glimpse at a cause for varia- 
tion in the succession, shown in the New York palaeontolog- 
ical studies, of the Devonian bivalves. It is this. 

The recession of the sea causing the shallow water forma- 
tions of the Marcellus, Genessee, Portage, Catskill, was al- 
ways succeeded in the Hamilton, Chemung, and probably 
Waverly, by an increase of species. It would then appear 
probable that the expelled genera in each instance, driven to 
more restricted areas, probably in deeper water, came into 
some sort of competition, and species, as fixed variations, were 
stimulated to appear, and in the next encroachment landward 
multiplied. Comparing the Chemung with the Hamilton the 
genera prominently exhibiting^ this expansion are Pterinea, 
Antinoptcria, Leptodcsma, Glossites, Mytilarca, with the new 
genera Crenipccten, Ptychopteria Edmondia. These genera 
and their species give some evidence of deeper water origin 
in their smaller size. Naturally this statement cannot be made 
into a sweeping deduction, but it has a preponderant appli- 
cation. The large sized genera Limoptcria Glyptodesma are 
Hamilton, the small sized genera Crenipccten Ednwndia are 
Chemung, and throughout, with many exceptions, the impres- 
sion of the Chemung species is that of smaller sized individ- 
uals. The voyage of the Challenger lends support to this 
view and Sir Wyville Thompson has himself said "my present 
impression is that although life is thus universally extended, 
the number of species and of individuals diminishes after a 
certain depth is reached, and that at the same time their size 
usually decreases." 

If the increase of species has resulted from competition in 
circumscribed sections of the sea-bottom, this crowded condi- 
tion may have had also some influence on size. 

The assumption of recurrent periods of competition with 
tlie consequent multiplication of s])ecies introduces what has 
always seemed a difficult inquiry, how the process of the sur- 
Z'iz'a! of the fittest works amongst such organisms a* bivalve 
»^hells, for the most part, sessile sightless animals : how ad- 
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vantages of form or habit work for the preservation and con- 
tinuity of the differing species. Strengthening of hinge struct- 
ure, increased solidity of the shell, lengthened siphonal tubes, 
stronger and more muscular feet, flattened shells to avoid im- 
pact of currents, roughened or spiculate surfaces for attach- 
ment to mud, rocks, sea-weed etc., attenuaton of form for 
insertion in crevices, development in byssus, gaping mouths,, 
shoulders, elongation, curving backs, are features that might 
gain accentuation, and variously help their possessors to im- 
proved prospects in the life- race. And certainly many of these 
features are conspicuous in a review of the Devonian lamelli- 
branchs, but specific distinctions based on a slightly more ac- 
curate form, a more nasute outline, a triangular form, a length- 
ened or shortened anterior or posterior margin, a variation in 
surface sculpture, a higher umbonal prominence, proximity 
or recession of beaks, while all doubtless justly weighed as 
si>^cific marks, apparently have no conceivable reference to any 
particular advantage they bestow. They may be indeed steps 
in an advantageous march of modifications. 

Schizodiis shows a lengthening posterior ^(^g^, and both 
increase and decrease of the ridge, Ci nit aria apparently be- 
comes more curved dorsally with an explanate scooped out 
widening of its posterior end, Mytilarca becomes more acute 
umbonally, elongate, and compressed, the pterinoid genera 
show both increase and decrease of the wings, accentuation 
and softening of the surface sculpture, Goniophora becomes 
generally from the Schoharie, more expanded, with a less 
arcuate umbonal keel. Pterinea Hahella found in the Upper 
Helderberg, but rare, is numerous in the Hamilton. It as- 
sumes a larger form with strong broad ribs in the Chemung, 
while around Aviciilopcctcn prince ps are grouped oscillations 
of related forms. Pancnka and Lunulicardiiun were hardy 
genera surviving changed habitats. 

The expansion of the Devonian lamellibranchiate fauna 
which seemed to begin in the Lower Helderberg was success- 
ively interrupted, and after each interruption widened its 
specific limits. Did the interruptions which expelled it to 
more restricted areas for development bring about the biolog- 
ical schock that caused the increase in species and a differen- 
tiation of new genera? It seems probable. 
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It is quite certain from the results of the Qiallenger ex- 
pedition that the bothymetrical range of bivalves is most var- 
iable, as this compilation shows. 



Genbba 



Depth in 
Fathoms 



155 

6-17 
6 

G-20 
7 

G-70 



Genera 



Depth in 
Fathoms 



Astarte 70-100 

CrasBatella 28-390 

Cardita 10-60 

Carditella 20100 

MytiluB 6-350 

Marina 1400 

Crenella 140 

Idas 390 

Modiolana 2-1675 

Modiola 15-800 

Perna 10 

LithodomuB 8 

Dacrydium 100-390 

Modiolarca 12-245 



12 

40 

8-30 

3-12 

38 



Martesia 49 

Teredo 1400 

Gastrochaena 8 

Clavagella 7 

Solecutus 28 

Saxicava 100-500 

Mya 7 

Corbula 7-435 

Anatina 18-28 

Periploma 13 

Lyonsia 620-1950 

Silenia 19502650 

Thracia 20-100 

Neaera 120-1950 

Poromya 

Pandora 

Myodora 

Myochama 

Mactra 

Raeta 

Peammobia •» 

Tellina 6155 

Donax 10 

gemele 7-1000 

Ervilia 61000 

Davila 20-150 

Venus 3-1000 

Tapes • 6-50 

Cytherea 7-70 

Circe 2-435 

Dosinia 6-25 

Venerupis 70 

Petricola 8 

Cardium 10-70 

Callocardia 1000-2900 

Chama 7-450 

Lucina 7-435 

Tridacna 8 

Cryptodon 5-1900 

Diplodonta 6-150 

Kellia 2838 

Montacuta (> 450 

Solemya 245 

Tf the Devonian lamellibranchs were expelled by the phys- 
ical constants pertaining to the Marcellus and the Genessee or 
Portage, the expulsion of the Ammonoid fauna of the latter by 
the physical constants of the Hamilton and Chemung also ex- 
cites comment. The Naples fauna, described by Dr. Clarke, 
is essentially cephalopdous. the Marcellus calcareous shales 
also contain a goniatitic fauna. There is an essential sim- 



Septifer 

Julia 

Avicula 

Malleus 

Pinna 

Area 12-2000 

Trigonia 2-38 

Glomus 390-1900 

Pectunculus 7-1010 

Limopsis 28-1850 . 

Nucula 10-2050 

Nuculina 15-20 

Leda 12-1675 

Sarepta 2385 

Yoldia 28-345 

Malletia 60-2550 

Pecten 2-1375 

Lima 2-2500 

Amussium 20-1675 

Spondylus 8-28 

Plicatula 15-21 

Anomia 50350 

Ostrea 28 
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ilarity in the fauna of the Marcellus and Genessee despite 
specific or generic contrasts and the diversity of those in the 
latter may be regarded as the result of changes induced in the 
former during some period of sequestration and absence. 
Where the Marcellus fauna disappeared to it is impossible 
at present to determine, but its reappearance as the Genessee 
is not an unnatural supposition. The lithological resemblance 
of the Marcellus and Genessee is striking and would seeAi to 
represent similar or identical sediments. The fauna in each 
is marked by cephalopodous features and while the lamelli- 
branchs of the Marcellus which remained within it from the 
Upper Helderberg seas are absent in the Genessee, the brach- 
iopodous occupants of both are unmistakably related, and the 
ichthyic fauna of both suggest still further a biological affinity 
or descent. 

If the specific changes evinced in the Chemung bivalves 
are traceable to the confinement of the Hamilton in limited 
zones of development and changed environment, upon con- 
tinental elevation and its (the fauna's) recession to the mar- 
gins of the deeper seas, then it is logical to reverse the deduc- 
tion in direction and find in the expanded (?) Genessee fauna 
a growth and change produced by the retreat of the Marcellus 
to the interior edges of the continent upon the invasion of the 
deeper waters of the Hamilton. 

In basins, bays, and inundated half land-locked emargin- 
ations, the Marcellus sea-life, and especially its ammonoid 
contents, developed in congested centers, and prepared the 
new efflux of species arid genera later preserved in the Gen- 
essee shales. 

These suggestions point to the seeming efficacy of circum- 
scribed areas in the development of the species; that a certain 
amount of biological pressure brings about interactions, per- 
haps not always referable to struggle or natural selection, 
which modify form and create species. And yet aside from 
natural selection what influence in the proximity of species 
or individuals could possibly differentiate them? Is not such 
an expression as "biological pressure" both ambiguous and 
childish? It might more properly be assumed that an excess 
of nutrition, perfect thermal conditions, purity of water, erad- 
ication or absence of enemies brought about the highest var- 
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itetal liveliness, and produced vigorous "sports" whose very 
vigor was an assurance of continued heredity. 

The next extreme illustration of a biological crisis in the 
palaeozoic rocks is found in the crinoid-swarming seas of the 
Lower Carboniferous. The whole series of palaeozoic rocks 
afford nowhere such an extraordinary development of crin- 
oidal forms, and while crinoidal limestones are frequent from 
the Calciferous upward, and establish the strong prevalence of 
these organisms, the actual predominence of the Lower Car- 
boniferous fauna excluding cystids and blastids in species, 
is quite unmistakable. 

A compilation from Miller's catalogue affords this striking 

comparison. 

Genera. Species. 

Paleozoic to top of Devonian . . i 76 346 

Lower Carboniferous 56 653 

The same fecundity is shown in another way, by the 
greater number of genera marked by numerous species in 
the Lower Carboniferous over those excelling in species in the 
lower palaeozoics, while in none of the latter is there a com- 
parable abundance to some of the more prolific genera of the 
Carboniferous seas. In the lower palaeozoics for instance, 
nine genera only have ten or more species assigned to them 
whereas in the Lower Carboniferous there are seventeen with 
Actinocrinus covering forty-seven species, Barycrinus twenty- 
three, Batocrinus fifty-two, Cyathocrinus thirty, Dichocrinns 
twenty-seven, Dorycrinus twenty-four, ErctmocrimiSy twenty, 
Eupachycrinus thirteen, Platycrinus sixty-seven, Poteriocrinus 
sixty, Scaphiocrinus sixty-two, Taxocrinus sixteen, and Zeo- 
crinns twenty-nine. 

In the lower palaeozoics Dendrocrinus has twenty-seven, 
Eiicalyptocrinus twenty, Megistocrinus twelve, Poteriocrinus 
fifteen. 

The impression of great numbers in the crinoidal life in 
the Lower Carboniferous is not relieved by any considera- 
tions of a defective geological record in the lower palaeozoics. 
There is no reason for suspecting that the record has been 
less carefully kept in the latter period than in the former. We 
are therefore met by a distinct organic profusion in the palaeo- 
crinoids at that geological epoch, and must infer that a con- 
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junction of favorable circumstances and exuberant vitality in 
this phylum occurred at that time. 

Dr. Carpenter in the "Voyage of the Challenger" has 
shown that while the stalked crinoids are partially abyssal 
they are not universally so, and if their abyssal habitat is to 
be interpreted as a retreat from shallower waters, we may be 
sure that the Lower Carboniferous seas were in no real sense 
abvssal. But it has been shown in the same work that the 
crinoids occur in groups, that if at any time they were con- 
tinuously found over the sea that continuity is interrupted. 
There is a strong probability that in the Lower Carboniferous 
seas there was no geographical continuity of crinoidal life, 
but that a group of basins existed which were characterized 
each by its special faunal development, and had their origin 
somehow in the survival of those genera which existed in the 
early palaeozoic, as Agclacrinus, Calccocrinus, Cyathocrinus, 
Dorycrinus, IclitJiyocrinus, Megistocrinus, Mclocriniis, Plafy- 
criniis, Potcriocrinns, Synbathocrinus. 

And for this reason — the crinoids of the whole palaeozoic 
are local, in distribution ; they fomi segregated fossils. The 
expression of the group derived from their occurrence is spor- 
adic, their habitat so to speak is concretionary. It can be ac- 
counted for by assuming that the character of the bottom is 
important in establishing their growth, that selection in this 
respect is decisive, and so, as the requisite foundations are 
limited, the crinoidal growth is limited and special. 

In the Trenton, in New York, the Caryocrinus is found in 
small assemblages, and in the Cincinnatti beds locrimis and 
Dendrocrinns occur almost invariably in nests, groups, or bun- 
dles. In the Lower Helderberg Mariacriniis is also partial 
in its occurrence, and in the Waldron the Eitcalyptocrinus, 
while more widely disseminated suggests colonies in its de- 
velopment. The Megistocrinus of the Upper Helderberg and 
Hamilton are uncommon, but when found are in bunches, and 
the large crinoidal stems in these formations seem crowded in 
localized areas. 

The faunal basins we refer to in the Lower Carboniferous 
may have migrated, moved in and out, from the continent, up 
and down a coast line, but they became finally established 
in the Lower Carboniferous upon the most enduring basis,. 
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and in broader zones, and there developed their numerous 
specific and generic variations. 

But assuming a great age for this development, the ex- 
pression of suddenness is not unwarranted in referring to 
them. There is certainly slender suggestion in the Devonian 
of such large and opulent supplies of crinoidal life. The "bi- 
ological crisis" they present is not simply apparent. It is 
real. 

The crinoidal basins of the Lower Carboniferous illustrate 
again what is remarkable in the trilobites of the Cambrian, 
and the lamellibranchs of the Devonian, a great development 
of species in limited geographical areas. It is not one species 
from one locality, another from a second, and so on, but a 
convergence of species at one locality or province. 

Amongst the possible elements of encouragement for the 
luxurious growth of crinoids in the waters of the Lower Car- 
boniferous seas, was the clearness of the latter, and their 
greater supply of lime than in the waters of our present seas. 
The withdrawal of the crinoids today into abyssal regions, 
while not universal, is a prevalent tendency, and may have 
some reference to the increased sedimentation along coast 
lines. It may also be inferred that this abyssal retreat is not 
congenial to a flourishing life of crinoids, and their disap- 
pearance from our modem seas is certain. 

The elevation of the Lower Carboniferous continent was 
probably low, the drainage to the coasts slow or inconsider- 
able, and it seems reasonable to suppose that the areas of very 
clear water approached the shores closer than they do today, 
offering an advantageous nidus for the development of crin- 
oidal life. The successful planting of the ova when the stalk 
commences to form (pentacrinoidal stage) may be attended 
with dangers to the life of the young crinoid, which only 
clear water and peculiar bottom conditions can avert. As to 
the more rapid and easy assimilation of lime, the weight of 
the suggestion that the Lower Carboniferous seas contained 
more lime than those of today may be very slight. Yet it is 
quite easy to see that there is a difference in the assimilating 
functions of a Neocrinoid with its leathery tegminal crown, 
and that of a Pateocrinoid with its strongly plated calcareous 
dome, and that difference may have been brought about by 
some gradual decrease in the lime contents of the ocean. 

(To be Continued.) 
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PREGLACIAL EROSION IN THE COURSE OF THE 

NIAGARA GORGE, AND ITS RELATION TO 

ESTIMATES OF POSTGLACIAL TIME. 

By Warrbn Upham, St. Paul. Minn. 

In the careful studies of the history of the Niagara river 
and gorge by Pohlman* and Gilbert,t as in the earlier ob- 
servations of Lyell and Hall, the coincidence of the post- 
glacial Niagara gorge with the preglacial St. David's chan- 
nel at the Whirlpool is clearly recognized. The present river 
there has washed out the drift that filled the ancient chan- 
nel and apparently reached to the bottom of the Whirlpool, 
about 130 feet above the sea. Thence the preglacial St. Dav- 
id's stream bed, beneath the drift, has probably this depth of 
117 feet below the level of lake Ontario, or more, along its 
course past St. David's and onward to the deep central part 
of the lake Ontario basin. 

The preglacial stream, as Pohlman has shown, drained the 
shallow Tonawanda valley, but not the area of lake Erie. At 
the Whirlpool this St. David's stream, according to Pohlman, 
plunged down in a cataract from the hard Medina sandstone 
bed, which is underlain and overlain by soft shales. Having 
at this place eroded a valley or ralvine 400 feet deep and a 
quarter of a mile wide, the stream doubtless also had cut an im- 
portant ravine, though of smaller size, along its higher course 
for a considerable distance before reaching the site of the 
Whirlpool. Dr. Pohlman supposes, with sufficient reasons, 
that the St. David's ravine reached along the part of the Niag- 
ara gorge occupied by the Whirlpool rapids, having a middle 
vertical fall over the Clinton limestone and terminating at an 
upper vertical fall over the Niagara limestone, beyond which, 
in its approach from the south, the stream was only a little 
lower than the adjoining country. 

Some of the latest contributions to the geologic literature 
of Niagara, by Taylor, Hitchcock, and Gilbert, assign to the 
St. David's channel an interglacial age, and regard it as the 

*Proc. Am. Ass. Adv. Set'., vol. xxxti. 1883, p. 202; vol. xxxv, 1886, pp. 
1221, 222. Trans. Am. Inst. Mining Engineers, vol. xvii, pp. 322-338. virith 
maps aud sections, Oct.. 1888. 

fSixtta Aunaal Report of the Commissioners of the State Reservation of 
Niai^ara, for the year 1889. pp. 61-84, with 8 plates (maps and sections); also 
-in the Smithsonian Report for 1890. Monographs of the National Geographic 
Society, vol. i, pp. 203-236, with 21 figures in the text, Sept., 1895. 
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course of a great river, an interglacial Niagara, which was al- 
lowed the time requisite for the erosion of a gorge about three 
and a half miles long, from the escarpment near St. David's 
to the south side of the Whirlpool, but was then interrupted by 
the accumulation of ice again deeply enveloping all this region. 
This explanation, however, seems to' me inadmissible, because 
the St. David's channel expands northward in that distance 
to the width of more than a mile before it intersects the es- 
carpment. If it had been cut by a great interglacial cataract, 
its width would be nearly uniform, like the present river gorge. 
A comparatively small preglacial stream, on the contrary, 
working slowly through many million years, would have the 
older part of its valley thus widened by the very long sub- 
aerial decay and retreat of its rock cliffs on each side. So great 
lateral erosion cannot be ascribed to glaciation, which was light 
upon this area of confluent ice currents from the northeast and 
northwest, with consequent deep drift deposition. 

Immediately after the melting of this southern part of the 
ice-sheet and the withdrawal of the ice-dammed lake Warren, 
the Niagara river began to erode its gorge, and it has continued 
in this work, under varying conditions, to the present time. It 
found a lower passage along the course of the gorge to Lewis- 
ton than in the course of the preglacial channel, deeply drift- 
covered, between the Whirlpool and St. David's. From my re- 
newed examination of these areas this year, with the aid of the 
contoured map distributed by the U. S. Geological Survey at 
the Pan-American Exposition, of the latest studies by Gilbert,* 
published on the reverse side of the map, and the valuable 
"Guide to the Geology and Paleontology of Niagara Falls and 
Vicinity," prepared by Prof. A. W. Grabau, summarizing the 
conclusions of all preceding geologists, for the many visitors 
who come to this Exposition and to Niagara during the present 
year, I have to add to these and to my own former studies an- 
other factor in the Niagara history, namely, that the erosion of 
the gorge below the Whirlpool had been partly accomplished by 
a small preglacial stream which flowed along nearly the entire 
length of that earliest part of the gorge, after draining at its 
head, farther east, probably nearly the same area as the present 
Fish creek. Joining the St. David's channel at the Whirlpool. 

•Reprinted in the Am. Geologist, vol. xxvii, pp. 375-377, June, 1901. 
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this eastern tributary undoubtedly had cut a deep ravine, with 
falls and cascades, along- its last mile or more. At the east end 
of the Foster flats and farther up stream, the preglacial Fish 
creek had only a very shallow valley, slightly hollowing but not 
trenching the bed rocks. 

Under this view we see readily how the Niagara river with- 
drew its waters from the low cataract at the Foster flats. On 
reaching the head of the preglacial ravine' in the gradual re- 
cession of the falls, the main current, which passed on the south- 
east side of the flats, speedily eroded a deeper channel, far be- 
low its former bed above that cataract, because the drift filling 
the old ravine was easily swept away. Along a distance of 
nearly two miles, adjoining the Foster flats and northeasterly, 
the river flowed afterwards in powerful rapuls, eroding this 
part of the gorge into the rock strata to its present depth ; and 
the greater depth, with slow and smooth current, for a half 
mile between the flats and the Whirlpool may be due to such 
deep erosion* by the preglacial stream there, its ravine having 
been cut down nearlv to the bottom of the St. David's chan- 
nel before coming to their junction. 

Evidently the preglacial brook that coincided somewhat 
nearly with the present Fish creek could not have passed 
northward through the Niagara escarpment in the course of 
the river gorge. The crest of the escarpment there is higher 
than the land stretching south and southwest to the Whirl- 
pool. The gorge has no widening, such as is a most re- 
markable feature of the old channel at St. David's, where it 
approaches and cuts the escarpment; nor does it show evi- 
dence of much greater age there, as geologists count time, 
than along any other part, even near the present cataract. 
Prof. G. F. Wright has proved, instead, that the oldest part 
of the gorge, at and near the escarpment, can have endured 
the inevitable weathering of its cliffs no longer than 10,000 
years, and that indeed its age, which is also the entire age of 
the Niagara river and falls, mav be a considerably shorter 
period.* 

Above the Whirlpool it seems very clear to my mind that 
the gorge erosion was much aided by the preglacial St. 
David's stream for the distance of one mile occu pied by the 

••*New Method ot Rstimatin;; the Age of Niagara Falls." Popular Science 
Monthly, vol. Iv, pp. 145-154., with six figures in the text, June, 1899. 
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great rapids. Here the greater part of the depth and width 
of the gorge had probably been already eroded before the Ice 
age, being then filled with drift, which the postglacial river 
easily removed as soon as its gorge toward Lewiston was 
sufficiently deepened. No powerful falls have there cut a 
deep channel, and the river consequently has a constricted 
and very rapid course. Above the old St. David's ravine, 
however, a massive waterfall has operated along the latest 
distance of nearly two miles of the gorge, giving to the river 
there its great depth. 

The action of a high waterfall, with great volume of 
water, precipitated over a hard stratum of which large blocks 
give way and fall because they are gradually undermined, as 
in the Horseshoe or Canadian falls of Niagara, is well com- 
pared by McGee to the deep wearing of potholes. The fallen 
blocks are moved under the powerful impact of the high cat- 
aract and wear a deep channel, attaining near the foot of the 
present falls the depth of almost 200 feet under the river 
level. Such cataract action of deeo channel wearing may be 
also supposed to Have produced the great depth (96 feet) of 
the Niagara river at the mouth of the gorge ; but I think that 
this is better attributed to the usual process of stream cutting 
at the time of depressed level of this part of lake Ontario, 
which is otherwise known by its lower inclined beaches ex- 
tending here under the lake. 

Among the conditions which might cause the Niagara 
river to vary from its present size, only one would produce a 
great and long continued diminution of the river, so giving 
for a large part of its history onlv very slow erosion of the 
gorge. This hypothetical factor in our problem, which has 
been assumed by Gilbert, Soencer, Taylor, and Hitchcock, to 
considerably prolong the time of the gorge erosion, is the 
diversion of the outflow from the basins of the three lakes 
above lake Erie, then confluent and forming the glacial lake 
Algonquin, to forsake its present course and pass eastward 
from Georgian bay, at first by the way of lake Simcoe and the 
Trent river to lake Ontario, and later by lake Nipissing and 
the Mattawa river to the Ottawa. 

But differential elevation of the land from its Late Gla- 
cial or Champlain depression took place here, as on the area 
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of lake Agassiz, as soon as the land was unburdened by the 
glacial retreat. This northward uplift was in progress while 
yet the ice barrier remained farther north and northeast, hold- 
ing in succession the glacial lakes Warren and Algonquin, 
besides several earlier and smaller glacial lakes which be- 
came merged in lake Warren, on the upper part of the St. 
Lawrence basin. In the areas of lake Agassiz and of the 
Laurentian lakes alike, the uplift was nearly completed dur- 
ing the existence of the glacial lakes, as is known by the al- 
most undisturbed horizontality of the latest and lowest gla- 
cial lake beaches. Finally lake Algonquin, by the northeast- 
ward land elevation, became divided into its successors, lakes 
Huron, Michigan, and Superior. 

Instead of the hypothesis of long continued eastward out- 
flow from lake Algonquin, my studies convince me that the 
Trent and Mattawa outlets were occupied successively dur- 
ing only a brief time, or, more probably, that these outlets 
were obstructed by the receding ice-front until after the land 
there had risen from its Champlain depression to such alti- 
tude that the St. Clair and Detroit rivers continued to be con- 
stantly the outlet from the upner lake basins, sending their 
waters to the Niagara river and falls during all their history. 
Lakes Algonquin and Iroquois were contemporaneous, 
and the Ontario basin inclosing lake Iroquois was at the same 
time uplifted toward the northeast, with inclination of its 
earlier shorelines, and with gradual rise of the lake on the 
land westward because its outlet at Rome, N. Y., was raised 
much more than the western part of the basin. While these 
two glacial lakes were undergoing such changes, a lobe of 
the mainly retreating but wavering ice-sheet lingered on the 
highlands north of lake Ontario; and twice its moderate re- 
advance was recorded by deposits of till intercalated with the 
stratified beds of a lacustrine delta in the extensive section of 
Scarboro Heights near Toronto. The uplift of the Iroquois 
basin as well as that of the Algonquin basin, is thus shown to 
have been far advanced and nearly completed during the con- 
tinuance of their ice barriers. 

Latest, the glacial lake St. Lawrence, held by the final 
blockade of the waning ice-sheet on the St. Lawrence valley 
below Montreal, extended into the lake Ontario basin with a 
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depth of about 150 feet above the Thousand Islands, but with 
its water level beneath the present surface of the west part 
of this lake. In like manner with the earlier lake Iroquois, the 
progressing northeastward uplift caused the level of the lake 
St. Lawrence and afterward of lake Ontario to rise upon the 
land in the southwest part of the Ontario basin. It was dur- 
ing these late stages of the lacustrine history of this region 
that the deep channel of the Niagara river at the mouth of its 
gorge was eroded, the channel being subsequently partially re- 
filled with water by the continuance of the northeastward land 
elevation. The river from Lewiston north to its mouth has a 
depth of 100 to 200 feet, which indicates almost as much rise 
of this part of lake Ontario, for no hieh waterfall existed to 
erode the very deep channel there. . 

The vast country which had been ice-covered and de- 
pressed under the weight of the thick continental ice-sheet 
was gradually uplifted, and to a greater hight at the north 
than at the south, during the removal of the ice burden. 
While lakes Agassiz and Warren still existed the northern 
parts of their areas were raised, in comparison with their 
southern outlets, 300 to 400 feet or more. It is also found, by 
the present inclinations and relationship of the successively 
formed shorelines of these and the other associated glacial 
lakes, that this epeirogenic movement proceeded as a perma- 
nent wave of land elevation from the periphery of the old ice- 
sheet inward to its central area. 

Accurate maps of the crest line of the falls were made by 
Hall in 1842, by the U. S. Lake Survey in 1875, by Wood- 
ward in 1886, and by Kibbe in 1890. It is thus ascertained 
that in the forty-eight years following the first survey the 
lengthening of the gorge, by the recession of the central part 
of the Horseshoe fall, was 270 feet, the average rate being 
about five and a half feet yearly. But the central curve or 
apex of the cataract is worn back much faster than its sides, 
because the river has its maximum depth of fully twenty feet 
at its center and there makes a plunge of nat merely the 160 
feet from the verge to the surface of the water at the foot of 
the fall, but of nearly 200 feet lower to the l>ottom of the river, 
working thus most eflfectively to undermine the horizontal 
rock strata and break down the thick limestone at the top. 
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The entire extent of the Horseshoe fall is found by these sur- 
veys to be worn away at an average rate of about two feet 
yearly: but during" the four years from 1886 to i8qo the aver- 
age annual rate of erosion for the whole was five feet. Along 
the more shallow American fall, northeast of Goat island, the 
mean yearly erosion is about two-thirds of a foot, but from 
1886 to 1890 it averaged one and two-thirds feet. The energy 
of this part of the Niagara cataract is not sufficient to remove 
its hup'e fallen blocks of limestone, en which the water strikes 
along all the base of the precipice. 

Only the center of the Horseshoe fall plunges deeply into 
the river beneath, and its concentrated and intensified erosion 
tends at present to lengthen the gorge beyond its normal rate, 
which appears probably tp be about three or four feet yearly. 
With such average erosion, the recession of the falls and pro- 
longation of the gorge would amount to one mile in about 
1,500 years ; and the action of the great cataract along the two 
miles of deep water south of the railway bridges would have 
begun about a thousand years before the Christian era. The 
entire erosion of the six and a half miles of gorge between 
Lewiston and the present falls would recjuire about 10,000 
years, excepting that this period would be diminished prob- 
ably about a third, to 7,000 years, more or less, by the pre- 
glacial erosion of the St. David's stream and its northeastern 
tributary. 

In 1 84 1 Sir Charles Lyell estimated the rate of lengthening 
of the gorge to be about a foot yearly, and its age therefore 
about 35,000 years. Gilbert, at the BuflFalo meeting of the 
American Association for the Advancement of Science in 1886, 
comparing the exact surveys, estimated the recent rate of re- 
cession of the falls to be about five feet yearly, giving, if this 
were the average for the whole gorge, about 7,000 years for its 
erosion. Pohlman, in 1888, considered the recent recession to 
be at the rate of a mile in 2,000 years : but the whole period, 
as he first showed, was much diminished on account of the 
preglacial erosion. Later, in consideration of a supposed loss 
of the outflow of the upper great lakes, leaving to the Niagara 
river, during a very long time, only a small part of its fonner 
and its present volume of water, the age of the river and 



242 The American Geologist. ^"^""^^ ^^^ 

gorge has been computed by Spencer as 32,000 years;* by 
Taylor, about 50,000 years ;t and by Hitchcock, about 19,000 
years.t Wright, from a different and independent computa- 
tion, based on the subaerial erosion and widening of the gorge 
in its most ancient northern part, concludes, as before noted, 
that its age is no more than 10,000 years. 

But there are, as this discussion has also before noted, 
ample reasons for distrusting the arguments and computations 
of Spencer and others concerning eastward outlets from the 
upper lakes, subtracting their flow from the Niagara river, 
which, as I believe, are untenable, or, at the most had only a 
very short existence. Omitting that element of the problem 
as insignificant, we have approximately 7,000 years, according" 
to the diverse but concurrent compi^jtations, for the probable 
time occupied in the erosion of the gorge. 

Not satisfied with thus rejecting the hypothesis of long and 
great subtraction from the water supply of Niagara, I wish 
to direct attention to a very important cause of great in- 
crease of size of the river and falls at the beginning of the 
gorge erosion. The discharge of the river during the last 
1,000 years may be approximately represented by 1,200 or 
1,500 feet of water covering all the upper St. Lawrence drain- 
age basin above these falls. This average water supply I be- 
lieve to have been doubled or trebled during the first 1,000 
years of the river history by the added flow derived from the 
final melting of the ice-sheet, mostly 3,000 to 5,000 feet or 
more in depth, upon a very large region stretching from lakes 
Huron and Superior far north and northwest. For some part 
of this time the Niagara river probably received the outflow 
from the basin of the glacial lake Agassiz, that is, the vast 
central tract of Canada between James' bay and the Rocky 
mountains. § Within its first 1,000 years, therefore, the more 
powerful Niagara may have accomplished about half of its 
gorge erosion between Lewiston and the Whirlpool. When the 
river was reduced to its present si^e, after its tributary ice melt- 

•Am. Gboi-ogist, vol. xiv, pp. 289-301, Nov., 1894; Am. Jour. ScL, third 
scries, vol. xlviii. pp. 4.55-4.72, Dtrc, 1894 ; Bleventh Annual Report of the Com- 
missioners of the State Reservation at Niag^aro, for the year 1894, pp. 99-117, 
with maps, sections, and views from photog^rapha. 

i Bulletin, Geol. Soc. Am., vol. ix, pp. 59-84. with two maps, Jan., 1898. 

tAm. Antiquarian, vol. xxiii, pp. 1-24, with maps and views, Jan. and 
Feb., 1901. 

§"The Glacial Lake Agassiz," Monograph xxv, U. S. Geol. Surver, 1895. 
pp. 227-244. 
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ing ceased, 2,(XX) years were probably adequate for the comple- 
tion of the gorge to the Whirlpool, the work having been 
greatly lessened by preglacial erosion. Similarly, on account of 
the old St. David's ravine, 1,000 years, or less, would suffice for 
the erosion along the Whirlpool rapids. Afterward, under 
the present conditions of gorge lengthening, 3,000 years were 
needed for the last two miles, next to the present falls. The 
whole history would thus comprise about 7,000 years. 

This measure, which (not to be too exact in figures de- 
pending on the many varying conditions of the Niagara his- 
tory) we may place in round numbers as between 5,000 and 
10,000 years, is at the same time the duration of the period 
since the end of the Ice age, or, speaking more definitely, since 
the retreat of the continental glacier from the northern United 
States and Canada. It may be accepted with confidence, for it 
agrees with the estimates and computations independently 
• made for the same period by Prof. N. H. Winchell, from the re- 
cession of the falls of St. Anthony; by Dr. Andrews, and re- 
cently also by Leverett, from the shore erosion of lake Michi- 
igan and the accumulation of sand at its south end ; by Wright, 
from the filling of depressions among kames and eskers, and 
from erosion by streams tributary to lake Erie; and by Prof. 
B. K. Emerson, from postglacial deposition in the valley of the 
Connecticut river. In Europe, likewise, numerous estimates 
of the lapse of time since the Glacial period, as collated by 
Hansen, are found to be comprised between the limits of 
5,000 and 12,000 years, being thus well harmonious with the 
measure given us by Niagara falls. 

In accordance with the ratios of the relative duration of 
preceding geologic periods and- eras, having now found the 
approximate measure of the latest term in the series, namely, 
this Postglacial period, as about 7,000 years, we may well 
estimate the whole Quaternary era, including the Ice age, as 
about twenty times longer, giving to this era some 150,000 
years. The Tertiary era, with erosion of the stupendous Col- 
orado canon and baseleveling of the plains between the Red 
River of the North and the Rocky mountains, appears by the 
changes of its marine molluscan faunas to have been vastly 
longer, having comprised probably three to five million years ; 
and the very long preceding eras since life began on the earth 
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may have included, as estimated by Dana, Walcott, and others , 
about one hundred or two hundred million years. 

If a much longer time than the 7,000 years estimated in 
this paper should be admitted for the duration of the Niagara 
river and the Postglacial period, as Spencer and Taylor sup- 
pose, all the terms of this geolog^ic series making up the age of 
the earth must be proportionally multiplied five-fold or seven- 
fold. The whole would then pass far beyond the maximum 
limit which seems to have been reliably determined bv the re- 
searches of geology, astronomy, and physics. 



NOTE ON CERTAIN COPPER MINERALS.* 

By Albxandrk X. Winch hlt-, Butte. Montana. 

Chalcopyrite has been noted more than once as an acci-* 
dental product in metallurgical operations. Thus, Hausmannf 
described it as resulting from imperfect roasting of cop- 
per bearing ore at tlie works in Goslar and in Ocker. The 
mineral was here found in crystals exceeding five millimetres 
in largest diameter, twinned and striated : the crystals were 
of a fine black color, and a little altered on the surface. 

Plattner:}: noted similar crystals in a crack in the bed of 
a reverberatory ifurnace at Mulden near Freiberg. These 
crystals contained, according to analysis, a slight excess of 
iron, and small amounts of foreign metals. 

So far as known to the writer bornite has never been 
described as an accidental furnace product, nor as produced 
artifically by sublimation. Its reproduction has been accom- 
plished only by fusion, or by the action of thermal springs 
upon bronze. 

It is intended here to describe an occurrence of chalcopyrite 
and bornite at the smelter of the Butte & Boston Consolidated 
Mining Co., at Butte, Montana. The minerals form slow-ly, 
attaining their maximum thickness of about four inches in the 
course of six months to a year. They form in the Allen- 

•Kcad at the Denver meeting of the American Association for the Advance- 
ment of Science, August. 1901. 

t Hausmann :—Goett jzelcbrt. Xachr., 185'J. No. 2. p. 177. Ref^ from Bncyc. 
Chimique. Boukokmis: — Reproduction artificicllc des mineraux. p. 45. 

X FucHs:— D/c kunst. darg. Min., p. 62, ref. from same source. 
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O'Harra calciner along the rails in the bed of the furnace. In 
fact, they not only form beneath the flanges of the rails, but 
also slowly replace the rails themselves. This replacement 
continues to such an extent that finally, when the rails are 
taken out, they have only a thin upper surface layer of iron ; 
all the rest has been transformed into chalcopyrite and born- 
ite, with the exception of that portion of the rails completely 
embedded in the brick bed of the furnace. Furthermore, the 
replacement is so gradual that it is impossible to distinguish 
any exact line of demarcation between the remaining iron of 
the rail and the mineral sulphides. 

An examination of these sulphides shows that, while they 
are somewhat impure from mechanically admixed quartz and 
perhaps some other foreign matter, they exhibit the true char- 
acters of chalcopyrite coated in places with films of bornite, 
occasionally of appreciable thickness. Thus, the former min- 
eral has an uneven fracture, a hardness less than 4, a brass 
yellow color, and a greenish streak. The specific gravity is 
considerably decreased by foreign matter present, being only 
about 3.8. liie mineral occurs both finely and coarsely crys- 
talline, and these varieties pass abruptly into each other. In 
a small lenticular cavity several crystals were found, which at- 
tained only about one- fourth of a millimeter .as a maximum 
diameter. They were nearly all tarnished by a coating of 
bornite, but a few retain a brass yellow color. They present 
the tetahedral aspect predominatingly; some seem to be mere 
triangular tablets. Twinning occurs, apparently parallel to 
(ill), and striations are abundant. 

The massive mineral was subjected to partial analysis. The 
copper was determined by means of the potassium cyanide 
method, the iron being filtered oflF and weighed after the titra- 
tion was nearly completed. The powdered mineral was treated 
with boiling nitric acid for about half an hour, and it is there- 
fore possible that small amounts of silica and alumina are in- 
cluded in the iron percentages : the sulphur was detenu ined by 
the ordinary barium sulphate method. The analysis was car- 
ried out in the mineralogical laboratory of the Montana State 
School of Mines on material presented to the school by Mr. 
John Gillie, superintendent of the Butte & Boston Consol- 
idated Mining Co. 




246 The American Geologist. October, 1901. 

I. la. II. Ila. III. IV. V. 

Cu 25.63 28.95 25.15 28.00 34.5 15.8 27.54 

Fc .'..... 34.51 38.97 35.79. 39.86 30.5 39.4 38.80 

S 28.40 32.08 28.85 32.14 35.0 29.0 30.07 

SiOa 8.62 9.20 9.2 3.45 

Total 97.16 100.00 98.99 100.00 100.0 93.4 99.86 

I. Chalcopyritc from A11en-0*Harra calciner of the Butte & Boston 

smelter, Butte, Montana. No zinc nor nickel. A. N. Winchcll, 

analyst, 
la. Same recalculated, omitting SiOa. 
II. Calcopyrite from Allen-O'Harra calciner of the Butte & Boston 

smelter, Butte, Montana. No zinc nor nickel. A. N. Winchcll, 

analyst. 
Ila. Same recalculated, omitting SiOa- 

III. Theoretical composition of chalcopyrite. 

IV. Chalcopyrite from AlIen-O'Hara calciner, Butte & Boston smelter, 

Butte, Montana. 10 oz. Ag. Mr. Steele, assayer for the Co., 

analyst. 

V. Chalcopyrite from Castellina Maret., Italy. C. Bechi, analyst. 
Anier.Jour. 5c., 1852, xiv, p. 61. 

The similarity between the analyses of the artificial chal- 
copyrite and the natural mineral analyzed by Bechi is strik- 
ing. It is to be noted, further, that the crystals analyzed by 
Plattner contained a slight excess of iron, as does the mineral 
here described. . 

The bornite does not occur in sufficient amount to permit 
of analysis, but its identity is established by the presence of 
the irridescent colors peculiar to it. The blue and red colors 
on different faces are abundant ; and these colors are also mod- 
ified by the yellow of the chalcopyrite. 

Both the chalcopyrite and the bornite have been formed by 
sublimation, and not by fusion, since the temperature of the 
furnace never rises high enough to fuse the ores present. 

Summarizing, we have here another example of chalco- 
pyrite as a furnace product; in this case it is formed by sub- 
limation; and, as it forms, it replaces and destroys the iron 
rails of the calciner. Further, we have the formation of born- 
ite in small amounts by sublimation under the same condi- 
tions which lead to the formation of chalcopyrite in much 
larger amounts. 




William McKinlkv. 
Laie President of tlie United States of America. 
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EDITORIAL COMMENT- 



EDWARD WALLER CLAYPOLE. 

Prof. E. W. Claypole, one of the charter members of the 
Geological PubHshing Company, died at Long Beach, Cal- 
ifornia, Aug. 17. He had been complaining of a * 'nervous 
trouble," as he termed it, for some time. It had settled in his 
left hand and his right foot, and hampered him so that he 
could not get about as he had been used to do. In a recent 
letter to the writer he remarked that he had had the most har- 
assing year of his life, resulting from the sickness of Mrs. 
Claypole and his owh disability. His trouble culminated in a 
sudden rheumatic attack at the heart whch brought on uncon- 
sciousness which continued until his death, two days later, at 
sixty-six years of age. 

Bom in England he adopted America, but with a lingering 
love for his boyhood's hearthstone, which caused him to re- 
vert affectionately to the associations and institutions of his 
native land. He was well known in England as a geologist 
prior to his coming to the United States, and several of his 
scientific contributions written since have also been published 
in England. 

His was a retiring, scientific temper and turn of niind 
and manner. He disliked the heat of any dispute, and rarely 
mixed in any fray. His even tenor of mind was displayed in, 
the character of all hs paoers. xie seemed to think the power 
of truth was so great that it required only a plain and simple 
statement to make it invincible, however its acceptance might 
be delayed bv error and misrepresentation. In a quiet way 
however, he was unswerving from what he considered right, 
and would return to the same, when o^oosed, from different 
^points of view, though never with direct contradiction of his 
opponent. In that he always displayed the highest type of 
mental civility. 

His services to geological science were numerous and high- 
ly important, and will be noted more in detail in a future num- 
ber of the Geolegtst, to which he was a* frequent contributor. 
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The scope of his studies, and of his writings, was broad. 
As a scientist he belonged to the old school, to which belonged 
most of the geologists of fifty years ago. He did not content 
himself with specialization in any line, but participated in 
physics, paleontology, glacial geology, prehistoric anthropol- 
ogy, and in all general geology, biology and botany. 

He was educated at the University of London from which 
he received the degrees of B. A. and D. S. He was professor 
of Natural Science at Antioch College, Ohio, 1873 to 1881 ; 
paleontologist to the Second Geological Survey of Pennsyl- 
vania, professor of Natural Science at Buchtel college, Akron, 
Ohio, from 188.^ to the time of his removal to Pasadena 
(1898) where he was professor of biology and geology in the 
Throop Polytechnic Institute till the time of his death He 
was a fellow of the Geological Societies of London, Edin- 
burgh and America, and of the American Association for the 
Advancement of Science. He was greatly beloved and re- 
vered by his pupils and by all others with whom he came into 
contact. In the highest sense he was one of humanity's natural 
noblemen. n. h. \v. 



THE ORIGIN OF ATSTKALIAX IKON ORES. 

, A recent publication by the Department of Mines and Agri- 
culture of New South Wales" contains a valuable contribution 
to the origin of iron ores. Recognizing various conditions and 
origins of iron ore, as given by the author, the writer refers here 
s])ecially to the aluminous iron ores and bauxites of Wingello. 
It is important that like some others Mr. Jacciuet associates 
bauxite and hematite in a common discussion and assigns to 
them an identical origin, viz. a change from igneous rock, gen- 
erally basalt. No such associated origin lias ])een ascribed to 
the bauxite deix)sits of the United States. Tlie intimate con- 
nection of the pisolitic iron ore witli l)asalt in Xcw South 
Wales ap])ears to have been noted l)y C S. Wilkinson in 1872,* 
and later by Mr. T. W. E. David. Mr. David says: "This form- 
ation has a sujx^rficial area of eleven scjuare miles, five hundred 
and seventv-seven acres, and a thickness of from a few feet to 



• Memiors of the Qf^ological Survey of New South W.ilc^. (Ttolofzy \o. 2. 
The Iron Ore Deposils of Xew South Wales. J. B. Jaoikt. Sychiey. 1901. 
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forty feet. These beds at the surface consist of red dusty soil, 
passing downwards into red, yellow or gray tuffs and compact 
pisolitic ironstone, which in turn graduates into rotten spongy 
basalt/' * * * As specimens of the rock vary considerably 
in structure and composition the term laterite must be taken 
to have rather a wide application. While some of the speci- 
mens are clearly tuffs, others show little trace of eruptive or- 
igin, and may be described as earthy pisolitic ironstone, more 
allied to a sedimentary formation than a volcanic. * * * The 
probable explanation of these facts appears to be that the 
greater part of the laterite is an altered basalt tuff belonging 
to the earlier basalt eruptions of the Eocene period." In 1899 
Mr. Jacquet reported that the pisolitic ironstone near Wingello 
contains free alumina, and is a variety of bauxite. Since that 
date samples have been chemically tested from many allied 
deposits, and the results show that ferruginous bauxite is dis- 
tributed over a considerable area of the colony. This ore is of 
Tertiary age, as evinced by fossil-bearing strata associated 
with it. These strata are sometimes overlain by basalt. 

The ore is composed of rounded grains of concentric struct- 
ure, and varying in size from two millimeters in diameter to 
eight centimeters. Two analyses showed respectively alumina 
thirty-four and thirty-two per cent, and iron (FeoOg) twenty- 
nine and forty-four per cent; also 4.45 and 4.70 per cent of 
titanic acid. The former analysis was of an oxidized sample, 
and the latter, in each case, of an unaltered primary ore. "The 
second analysis seems to indicate that the primary ore consists 
essentially of a mixture of ilmenite and ferruginous bauxite." 
The author concludes that not only this but probably many 
other deix>sits of bauxite and aluminous ores elsewhere in the 
world have been derived from alteration of basalt; although in 
some cases not from alteration in situ but from the distributive 
action of water in shallow lakes or rivers in Tertiary time, 

Mr. Jacquet calls attention to the somewhat similar iron 
ores of the Clealum river in Washington which have been de- 
scribed by Mr. J. P. Kimball,* and by Messrs. Smith and 
Willis, and which contain free alumina and may perhaps be 
designated ferruginous bauxites. Messrs. Smith and Wil- 
Hst state: "The Clealum ore resembles in a general way some 
Qf the more ferruginous bauxite ores, and, as has been s een, 

* Ambkican Gbolooist, 1898. xxi, pp. 161-163. 
t Trans. Am. Inst. Mia. Eng.^ February, 1900. 
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it also occurs with the same relations to a basic rock that the 
German bauxites show to basalt." 

In another chapter the author describes "basaltic iron ore," 
f. e. such that is derived undoubtedly during the process of 
weathering from basalt. This he considers an additional link 
in the evidence which goes to prove that aluminous iron ores 
may have a residual origin from basalt. 

The writer considers the report and conclusions of Mr. 
Jacquet as contributory evidence of the truth of his hypothesis 
of the derivation of the Mesabi iron ore which is also scmie- 
times distinctly pisolitic, from basic volcanic sand gathered on 
the beach of the Tacomic ocean and accumulated in greater 
thicknesses in the adjacent shallow waters. n. h. w. 

THE ANTIQUITY OF THE RACES OF MANKIND. 

In view of the latest discussions bearing on this question, 
by Ho worth in the August number of the Geological Maga- 
zine, and by McGee and others at the Denver meeting of the 
American Association, it seems timely to note here some of the 
geologic evidences of the great antiquity of man, and to con- 
sider the origin of his principal races, commonly called white, 
yellow, red, and black. 

Among the numerous localities in the northern United 
States where traces of man's presence during the closing part 
of the Ice age have been found, is one in Gaines, Orleans 
county, N. Y., about fifty miles east-northeast from Niagara 
Falls. A prehistoric hearth was here encountered in digging 
a well, at the depth of fifteen to eighteen feet below the surface, 
being at the base of the beach ridge of gravel and sand which 
marks the highest southern shore of the glacial lake Iroquois, 
about 175 feet above lake Ontario (G. K. Gilbert, in the Amer- 
ican Anthropologist, vol. ii, pp. 173,174, April, 1889). Charred 
sticks, with ashes, and three boulders laid to inclose the fire- 
place, there attested man's abode, or a transient hunting ex- 
pedition, at the time when the front of the receding ice-sheet 
yet rested on the adjacent part of Canada close north of Tor- 
onto, and on the Adirondacks and the St. Lawrence valley, 
turning the outflow of lake Iroquois to the Mohawk and Hud- 
son rivers. The Niagara had just begim to cut its gorge; from 
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which the subsequent lapse of time is computed to have been 
about 7,000 years. 

Evidences of man in somewhat earlier stages of the general 
decline of the Ice age are found in the Trenton gravels of the 
Delaware valley, in similar valley deposits of Ohio, and in the 
modified drift of the Mississippi valley at Little Falls, Minne- 
sota. Much older geologic testimony of primitive man has 
been obtained in Idaho and California, carrying the record back 
to a period probably preceding the Ice age, but within the 
Quaternary era. It is certainly our duty, however, as urged 
by Holmes, to accept such testimony only when it is very clear 
and reliable. 

Geologic archaeology in Europe rests on a firmer basis of 
ample observations, indubitably demonstrating man's existence 
there before the culmination of the Glacial period, and indeed, 
I think, before its beginning. From my examination of the im- 
plement-bearing gravel deposits of the Somme valley in north- 
em France, where the proofs of man's great geologic antiquity 
were first recognized and published, I conclude that Paleolithic 
men began their occupation of that country before the epoch 
of great elevation of the lands which became glaciated, prob- 
ably contemporaneously, in both Europe and North America 
(American Geologist, vol. xxii, pp. 350-363, Dec., 1898). 
This conclusion, affirming the vast antiquity of mankind, but 
a'dmitting many differences of views as to the history of the 
•Quaternary era and formation of the drift, is believed by Ho- 
worth to be shared by the majority of European geologists. 

The origin of the great races of mankind, namely, the Cau- 
casian or white race, the Ethiopic or black race, the Mongolic 
or yellow race, and the American or red race, seems probably 
to have been the result of manv thousands of vears under the 
influences of climate, food, and other conditions of life, in the 
several great continental regions inhabited by these races, to 
which mankind had previously become dispersed. The begin- 
ning of the human ejxxrh, when our species gained such devel- 
opment of body and mind as to deserve its generic and specific 
name. Homo sapiens, we cannot well designate more clearly 
than to say that it far antedated the close of the Ice age. It 
was undoubtedly several times more ancient than the western 
Aryan migrations, which, by their relations to the waning Eu- 
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ropean ice-sheet, appear to have occurred some 5,000 to 10,000 
years ago. According to my studies as a glacialist, it seems to 
me that Flinders Petrie has given as satisfactory estimates as 
can be made with our present knowledge, in his recent sugges- 
tions assigning 100,000 years as the probable duration since 
Paleolithic man appeared in the Somme valley, and 10,000 
years since Neolithic man came into western Europe. Eolithic 
man, known by his very rude stone implements in stream de- 
posits which are preserved on high plateaus in southern Eng- 
land, belonged doubtless to a time considerably earlier than 
100,000 years ago; so that we may perhaps allot twice that 
period for the existence of man and the development of his 
principal races. 

All mankind, however, constitute only a single species. A 
requisite condition of distinctness separating species is the 
inability to produce hybrid offspring, or, when such offspring 
is possible to nearly allied species, it is incapable of reproduc- 
tion. Judged by this essential part of the definition of every 
zoologic or botanic species, the whole human family is specific- 
ally a zoologic unit. All its races and varieties are freely fer- 
tile with each other. However different in color, stature, 
features, mental attainment, or all other qualities which dis- 
tinguish races and nations, they blend together. Such inter- 
mingling, mostly of the black and yellow races, has apparently 
been the origin of the Malay, Australian, and Polynesian peo- 
ples. In America, on the contrary, no considerable foreign ini- 
termixture seems to have occurred since the very early time 
wihen this continent was first peopled. The immigration came 
probably from northeastern Asia, across Bering strait, and 
perhaps in part also, at nearly the same time, from Europe, 
over a land connection by the Faeroe islands, Icelaind, and 
Greenland. 

An objection to such migrations of primitive man during 
the Glacial period may be based on the ice-covered condition 
of North America at that time, wholly enveloped by an ice- 
sheet upon its northern half, northward from the Ohio, Mis- 
souri, and Columbia rivers, excepting the greater part of 
Alaska. If the preglacial and early Glacial altitude of the con-' 
tinent had been the same as now, this objection would be valid, 
and we should be obliged to refer these ancient migrations 
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wholly to a time before the accumulation of the North Ameri- 
can ice-sheet, which reached both east and west beyond the 
present coast lines. But it has been ascertained that this north- 
em part of our continent was then elevated 3,000 to 5,000 feet 
higher than now. During the epoch of ice accumulation and 
culmination, its boundaries probably failed to reach generally 
to the coast line of that time. Along the sea border, where 
food supplies such as savages rely upon are most easily ob- 
tained, preglacial and Glacial man may have freely advanced 
on a land margin skirting the inland ice, as along the present 
borders of Greenland. It was only in the Champlain epoch, 
closing the Glacial period, that the ice-burdened lands sank to 
their present altitude or lower, bringing the edges of the ice- 
sheet beneath the encroaching sea. 

The many divergent branches of the American peoples and 
their remarkable progress toward civilization in Mexico, Cen- 
tral America, and Peru, before the discovery by Columbus, in- 
dicate for this division of mankind probably almost as great 
antiquity as in the eastern hemisphere. Although we are un- 
able to define the date, in thousands of years of antiquity, when 
the American race came into its heritage, we may paradoxically 
say that it came here before it had been differentiated from the 
primordial stock of mankind so as to be racially distinct. 

Processes of change, whether of progres3 or of regression 
and sometimes extinction, are now taking place and are modi- 
fying species and races perhaps as fast as during any former 
period in the history of our globe. We see allied varieties or 
races of plants and animals, living intermingled in the same 
district, or more frequently in different but adjoining regions, 
or sometimes quite separated geographically, which are not 
yet sufficiently distinct to rank as separate species, but which 
seem surely destined to diverge more, until their increasing 
difference and decreasing affinity shall give them that more dis- 
tant relationship. The parent stock and the diverging branches 
are all the while represented by multitudes of individuals. Di- 
vergent species and races, therefore, have come into their 
present strongly contrasted characters from preceding ancestry 
which was a unity in its specific character, but which resem- 
bled any vigorous species of the present time in comprising a 
vast number of individuals occupying a somewhat extensive 
geographic area. 



.*". 
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The Creator, working through long ages by these processes 
of descent with modification, wihich we call evolution, has de- 
veloped the great races of mankind from some single older and 
much different ancestral species of less intelligence. Anthro- 
pology, the science of the development of man and his races and 
tribes, agrees thus with the words of the inspired apostle Paul, 
in his address to the. Athenians, teaching them of God who 
"made of one blood all nations of men to dwell on all the face 
of the earth." w. u. 
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The New Basis of Geography. By J. Q. Redway. The Macmillan Co. 

Pp. 229. Price $1.00. 

This book, which is written primarily as a manual for teachers of 
geography, will be of interest to the wider circle of students of geog- 
raphy. The new geography, to quote the preface, is "the mutual rela- 
tion of geographic environment to political history on the one hand 
and economic development on the other." The first half of the book 
deals with this subject of geographic environment. After considering the 
influence of environment on man's historical development, the writer 
takes up various incidental influences of topography on life and con- 
cludes this part of the book with a very interesting Chapter on the ef- 
fects of topography and climate on the economic history of the United 
States. In a book of this compass the treatment must be suggestive and 
elementary, rather than exhaustive. 

The second half of the book is of more strictly pedagogical interest, 
and deals with aims and methods of geographic teaching in the ele- 
mentary and •secondary schools. Many of the suggestions will prove 
helpful to teachers of physical geography and geology in secondary 
schools. 

It is a pleasure to get hold of a work in which the writer has some- 
thing to say. knows what it is, and then goes on to say it in a clear, in- 
cisive and attractive manner, so much of our geological and geo- 
graphical writing is done in other lines. l. g. w. 

Paleozoic Faunas of Northern Arkansas; by H. S. Williams. (Ar- 
kansas Geol. Sur., Ann. Rept. 1892, pp. 268-362, 1901.) 
Probably no region of its size has had so much geological investi- 
gation carried on within its borders, and at the same time had so little 
accomplished regarding the geological age of the various formations, 
as the Ozark highlands. What has been needed most has been exact 
paleontological data. It is therefore an exceptional pleasure to sec the 
recently issued chapter on the Paleozoic Faunas of Northern Arkansas. 
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Professor Willams' notes are the outcome of much labor in the field 
by many individuals, extending over more than a decade. 

Concerning the general problem presented, professor Williams says : 
"On account of the apparent conflict between the interpretation of the 
stratigraphy made by the field observers and the interpretation sug- 
gested by my study of the fossils, I went to Arkansas in August, 1890, 
and traversed the ground with Dr. Branner, confirming the fact of 
sudden and great change in the paleontological horizons, in several 
places where the lithological characters of the rocks and the strati- 
graphy little and often obscure evidence of facts. Although our ex- 
amination was rapid and very few additional fossils were accumulated, 
the g^eat importance of the Devonian interval, as it may be called, was 
clearly established. The course traversed was from Batesville west- 
ward, across country, to l^ureka Springs. The best expression of the 
details of the interval were seen at St. Joe, where, without apparent 
unconformity of strata, the Silurian limestone is separated by a few 
feet of green shale and nodular sandstone, called Sylamore sandstone, 
from the Carboniferous limestone." 

The geological formations are assigned ages as follows : 





Genevieve or Boston group. 




Batesville sandstone. 




Spring Creek black shales. 


Carboniferous. 


Cherty beds (Boone chert). 




Carrollton limestone. 


• 


St. Joe marble. 




Eureka shale (typical). 



Devonian. 



Sylamore sandstone. 
Eureka shale (in part). 



Silurian. St. Clair limestone. 



Ordovician. 



Polk Bayou limestone. 

Izard limestone. 

Saccharoidal sandstone. 

Calciferous, or Magnesian, limestone. 



The faunas of the several formations are then indicated and briefly 
discussed. Among the noteworthy features brought out, none is ot 
greater significance than the determination of the dual character of 
the great limestone which the Arkansas field geologists had long called 
the St. Clair limestone. One part carries a typical Ordovician fauna, 
while the other contains Silurian fossils. The distinction is es- 
pecially important from an economic standpoint. The manganese 
deposits of the state are found on the horizon which separates the 
two parts of this limestone, whenever the two are present in the 
same section. "Whenever the manganese is present it is always above 
or at the top of the Polk Bayou limestone of the section. The evi- 
dence is cofichisive, therefore, that the erosion, causing the interval, 
was after the deposit of the Polk Bayou limestone, and the evidence 
of the few fossils in the Cason shale indicates that the manganese- 
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containing deposit was made at an age closely corresponding to the 
Clinton of the New York sections, and was incident to the deep- 
ening seas which soon after received the limestone formation of the 
St. Clair (Niagara) epoch. 

The Devonian of the Ozark region has always been a puzzle to 
geologists. Professor Williams' observations go a long ways In 
solving some of the most perplexing phases. "In numerous places 
in north Arkansas the evidences of an unconformity separating the 
Silurian from the overlying Carboniferous, are very clear. In some 
cases there is no rock-material separating these two grand terrancs. 
In other cases there are greenish shales, or coarse sandstones, with 
polished grains and rounded nodules of black shale; and in the west- 
ern section the interval is occupied, in part, by a black shale, the 
Eureka shale of the Washington County report." The fauna in the 
fine shales which succeed the black shales is correlated with that of 
the Louisiana or lithographic limestone, and "is thus as late as the 
Kinderhook stage of the Eocarboniferous." 

The interpretation of the facts is "that the typical interval -mater- 
ials, the green shale and the Sylamore sandstone, were deposited after 
the period of the formation of the typical black shales which, along 
the borders of the Ozark uplift, was terminated, or actually driven 
outward, by the elevation of that region; that these particular de- 
posits mark the stage of sinking again of the land and the resultant 
erosion which introduced the Carboniferous formations for ,this re- 
gion ; that the time was at the very close of the Devonian and be- 
ginning of the Carlx)niferous eras. I conclude that the explanation of 
the varying age and nature of these deix)sits is due to the sections 
having been taken at places at lower or higher position on the grad- 
ually sinking land and expressing the overlap of the successively more 
recent deposits. Further study of the whole problem of the deposit? 
filling the Devonian interval in the South has led to the conclusion 
that, however much erosion of the underlying Silurian formation took 
place, the sediments of black mud forming the shale, did not begin 
till after the beginning of the Devonian era. The age of the begin- 
ning of the new sedimentation l)eing determined by the first fossils 
above the abrupt change, the unconformity may not be indicated by 
conspicuous modification of the plane of sedimentation. We should 
less expect real unconformity in the central part of the continental 
mass, as in the Mississippi valley region than on the lx>rdcrs where 
the folding and faulting has l>een chiefly concentrated." 

There is one statement concerning the Carboniferous which de- 
serves more than passing notice. It relates to the Spring Creek di- 
vision, which may be the equivalent in part of the Fayetteville shale 
of the western part of the state. "It is of interest to note the con- 
nection between the sharp and decided change of fauna and the change 
in the lithology of the rocks. The passage, beginning with the red 
marble, is from argillaceous shales, through calcareous and often 
crystallized, to cherty limestone, becoming more and more cTierty at 
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the top. Then comes a sudden change; black shales, and black sheets 
of limestone, with silicious sand mixed with them; sometimes beds of 
sandstone; but the order is various and different in separate sections 
a few miles apart. 

"It was in this black shale and limestone, with more or Ifess sand- 
stone, that the new fauna arrived ; • in the present case, a remarkable 
fauna for the locality. It included species which have never been 
seen before in the Mississippi valley, but are known in Nevada. It 
includes species which were never known before to occur so late in 
the series, but are common types in the preceding Devonian. The 
fauna points to some change by which communication was made with 
distant localities in the, then, sea basin." On the whole the Paleo- 
zoic faunas of northern Arkansas may be said to be the most not- 
able contribution to our knowledge of the Ozarks that has ever been 
made. c. r. k. 

What is an Echinoderm? by F. A. Bather. (Jour. London Coll. Sa. 

Sec. Vol. VIII, pp. 21-23, London, 1901.) 

An article which deserves more than passing notice by paleonto- 
logists is the admirable summary of our knowledge relating to the 
echinoderms, which Dr. Bather gave a short time ago in a lecture 
delivered before the City of London College Science Society. Coming 
from one who is not only a zoologist but who has had wide experience 
with fossil forms of life, the subject is viewed from the broadest pos- 
sible position. 

After considering briefly the characters by which an echinoderm 
may be distinguished from all other organisms, the three principal 
theories as to the origin and evolution of this group are summed up. 
These three theories are the ones which have had most influence upon 
morphologists. They are called the "Calycinal," the "Pentactaea," and 
the "Pelmatozoic" theories. The last of these seeihs now to be winning 
acceptance, but the other two cannot be dismissed without some words. 

The first of these theories, the Calycinal of Loven, Carpenter and 
Sladen, "asserts that certain skeletal elements, with a definite ar- 
rangement, form the ground-plan of all echinoderms, which, therefore, 
are all descended from an ancestor with such composition of its skel- 
eton. The elements in question are the circlets of plates that are 
present in the theca or calyx of a typical crinoid, namely, the five orals 
around the mouth, the five radials from which the arms spring, the five 
basals below the radials, the five infrabasals occasionally found be- 
tween the basals and the stem, and finally a plate of more dubious 
nature-:-the dorsocentral." 

The 'Tentactaea theory" of Semon crystallized the views of those 
who held that "the holothurians were the most primitive among echino- 
derms, and the family Synaptidae the most primitive among holothur- 
ians. Early in the life history of Synapta occurs a stage with five 
tentacles around the mouth, and into these pass canals from the water- 
ring, the radials canals to the body- wall making a subsequent, and only 
temporary appearance. Semon called this stage the Pentactula, and 
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supposed that in its early history the class had passed th|;ough a similar 
stage, which he called the Pentactaea and regarded as the ancestor ot 
all echinoderms." 

The third theory seenis to have broader foundations than either of 
the others. "Any theory of the origin and evolution of the echino- 
derms has to explain those features in the structure and life-history of 
living echinoderms to which attention has been called; it has to find 
Y'sl for the varied structures of extinct forms, more particularly the 
ancient crystids; and it has to connect the echinoderms with some an- 
ecedent group, whose structure shall not be echinodermal, but compar- 
able with that of some more simple animals now known to us. * * * 
Opinion trends towards the belief that the most important of these 
steps was a fixed stage through which the group passed at an early 
period of its race-history, and the theory that this is the explanation 
of the peculiarities of echinoderm structure may be called the *Pelma- 
tozoic theory.* " c. r. k. 

Iowa Geological Survey, Volume XL Administrative Reports. Sam- 
uel Calvin. State Geologist; A. G. Leonard, Assistant State Geol- 
ogist. Des Moines, igoi ; pp. 519, with 12 plates, 9 geological maps 
of counties, and .43 figures in the text. 

This volume contains a statement of the progress of the survey 
during the year 1900, and of its chief directions of special investiga- 
tions, by Prof. Calvin; a chapter on the mineral production of the stste 
in that year, by Dr. S. W. Beyer ; and detailed reports on the geologjy 
of Louisa and Pottawattamie counties, by Prof. J. A. Udden ; of Marion 
county, by F>. L .Miller; of Cedar county, by Prof. William H. Norton; 
of Page county, bv Prof. Calvin : and of Clay and O'Brien counties, by 
Prof. Thomas H. MacBride. About half of the state has now been 
geologically mapped and described, including more than forty counties 
variously grouped throughout its whole area. 

It is announced that Dr. Beyer is preparing a monograph on the 
clays of Iowa ; that Prof. Norton is preparing a further report on ar- 
tesian wells, supplementing his previous work; and that a monograph 
on the grasses of Iowa, by Prof. L. H. Pammel, is in press, to be is- 
sued as one of the publicatons of this survey. During the present year 
investigations of the present soils of the state were expected to be 
taken up by Mr. Milton Whitney, chief of the Soil Division of the 
L^nited States Department of Agriculture. 

The production of coal in Iowa last year amounted to $6,977,466; of 
clay industries, $2,395,488; and of stone, gypsum, lead and zinc, and 
iron ore, together about $1,000,000. w. u. 

Structure and relations of Uintacrinus; by Frank Springer. (Mem. 
Mus. Comp. Zool.. Vol. XXV, pp. 1-90, 8 pis., Cambridge. 1901.) 
Ever since its discovery, the Cretaceous crinoid Uintacrinus has 
been of great interest to morphologists and paleontologists. So much 
has been written about this remarkable type of crinoid that it would 
seem that nothing more worth recording remained to be told. Yet now 
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comes a new and ponderous monograph containing a mine of suggest- 
ive information, exhaustively considered and superbly illustrated. 

The great feature of general interest is the bearing of the discus- 
sion on crinoid classification. At a single stroke all existing classifi- 
cations are not only thrown into confusion, but the last prop is taken 
from under certain of those schemes of systematic arrangement which 
are claimed to rest securely on phylogenetic foundations. 

Uintacrinus has long been regarded as one of the rarities in crinoid 
collections. Its recorded occurrences were few. Mr. Bather, however, 
after wide travel in Europe, found the form to be really widely and 
abundantly distributed. In Kansas, great slabs containing hundreds of 
beautifully preserved specimens were recently obtained. 

To the morphologist, Mr. Springer's studies are a revelation in 
many ways. Some features which he brings out are unique. The re- 
markable information relating to the structure of the base is particularly 
noteworthy. The main distinguishing feature of the two great sub- 
classes of Dicyclica and Monocyclica are here found in one and the 
same species. 

In order to appreciate fully the importance of the present discovery, 
reference must be made to the recent text-books on zoology and paleon- 
tology. "There is no doubt that the occurrence of these two forms of 
base in this genus is a most extraordinary fact. Nothing like it has 
ever been observed before among the crinoids, to my knowledge." says 
Mr. Springer. "Wachsmuth and Springer held the presence or ab- 
sence of infrabasals to be a good family character, except in case of 
the ReteocrinidcC, in which dicyclic and monocyclic genera — otherwise 
markedly similar — were included by us. It was the difficulty presented 
b> these genera that prevented us from attributing to this character a 
higher value and wider significance. Mr. Bather, on the other hand, 
considered the difference in the two forms of base as sufficient to sep- 
arate the Crinoidea Inadunata into two suborders. He has lately in 
the chapters on the Echinodermata in Part HI of Ray Lankester's treat- 
ise on zoology, elaborated a scheme of classification, embracing the 
whole of the Pelmatozoa, on phylogenetic principles, in which he sub- 
divides the class Crinoidea into two sub-classes : Monocyclia and Di- 
cyclica. 

**The validity of such a division of the Inadunata w^as first combated 
and denied in the monograph of the Crinoidea Camerata, upon grounds 
which it is not necessary to restate here. There was undoubtedly much 
plausibility in the suggestion of these two divisions, more as to the 
Inadunata than to the Camerata. What made it especially attractive 
was the fact that it was based upon diflFerences in the primitive ele- 
ments of the crinoid organization, representing phylogenetically diflFer- 
ent early stages of the only crinoid whose embryology we know. And 
the argument which was considered by its author to be conclusive, was 
the assumed fact that there was no such thing as a transition from one 
form of base to the other. What, then, is the significance of the pres- 
ent discovery in relation to this question? It presents a difficulty far 
more formidable than the case of the Reteorcrinidae. 
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"For those are Lower Silurian types, — among the earliest known 
crinoids ; and it is quite possible to suppose, if the crinoids diverged 
into two lines of development on this character, that they represent 
stages somewhat near the point of such divergence. If the two forms 
of base represented in Uintacrinus had been found in specimens other- 
wise separable they would, under Mr. Bather's arrangement, have been 
unquestionably referred to different genera, families, orders, and sub- 
classes. Considering the apparent identity of these forms in every other 
point of structure, coupled with their mode of occurrence and associa- 
tion. I do not see how any such separation can possibly be made in this 
case. We therefore have apparently to deal with a case of individual 
variation, as to this supposed primitive character, within the limits 
of a species. That is to say, in this species, living in the same locality, 
having the same environment, floating in the same mass, certain indi- 
viduals matured to represent one stage of larval development, i. e. with 
infrabasals; and others in another stage, t. c. with basals only. 

*'In short, there are the two supposed distinct types, Monocyclica 
and Dicyclica, occurring in both young and adult of one and the same 
species. It will not do to say that the species is dicyclic, but in a cer- 
tain individuals the infrabasals are not developed, or hidden by the 
centrale, or have disappeared by atrophy. If this were so the centrale 
ought to be interradial in both cases ; whereas, as already shown, its 
orientation is reversed from one to the other, precisely as in typical 
monocyclic and dicyclic forms. 

''At all events, we have in Uintacrinus perfect proof that in some 
cases the characters of a monocyclic or dicyclic base are subordinate 
to others, and do not mark the line of descent." 

The nine beautiful plates of figures give the best graphic represen- 
tation of Uintacrinus that has ever appeared. c. r. k. 

Coal Fields around Tsc Chou, China; by Noah Fields Drake. (Trans. 

American Inst. Min. Eng., Vol. XXX. pp. 261-277, 1901.) 

On account of the recent exciting changes on the checker-board of 
the far east, the coal supplies of China have an unusual interest. Every 
addition to our knowledge of these coal fields since the explorations of 
Baron von Richthof'en, over three decades ago. is now scanned with 
avidity. Dr. Drake's contribution comes at an opportune time. 

The coal fields of Shansi lie about four hundred miles southwest of 
Peking, near the great Yellow river. The long journey was taken 
mainly on slow river-boats, and the somewhat limited lime at the com- 
mand of the author, allowed only work to be done in the district around 
Tsc Chou. Until very recently the hostile attitude of the Chinese gov- 
ernment and people towards foreigners and their enterprises, has kept 
the coal-fields from being developed. 

The rock formations are roughly divided into three great terranes. 
There is a basal limestone formation, the Kohlcnkalk of Richthofen, 
aggregating 2,cxx) feet or more in thickness; a median formation com- 
posed of shales, coals, sandstones, and a flint-bearing limestone bed. 
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aggregating about 300 feet in thickness ; and an upper terrane made up 
of shales, and sandstones of about 1,000 feet in thickness. 

The workable coal lies in one bed 250 feet above the flint-bearing 
limestone. **In the Tse Chou region the average thickness of the main 
or workable coal-bed is probably not less than twenty-two to twenty- 
three feet. At the mine about one and a half miles west of Hsi Ta- 
yang, the coal is worked through a shaft 329 feet deep. I had no op- 
portunity to measure the full thickness of the bed, or to examine more 
than the part that is being mined. Only the lower ten to twelve feet 
of the coal is being mined. I was told by the Chinese miners that the 
full thickness of the bed is thirty feet (Chinese), which is equivalent 
to about thirty-six feet (English)." There is no waste material in the 
coal bed in any of the mines. If twenty-two feet is taken as the average 
thickness and 1.5 as the average specific gravity of the coal, there are 
about 3,000,000,000 metric tons of coal within the 150 square miles, 
which is about the amount of the coal area included in the map. It 
must be remembered that this area is only a little of the ragged edge 
of the great coal fields of Shansi. Most of Shansi has been found un- 
derlaid by large coal fields, and the coal area of this province is greater 
than that of Pennsylvania. 

All the coal of the Tse Chou region is anthracite. The present 
style of working the rtiines and transporting the coal presents a strik- 
ing contrast to what might be done were modern methods used. The 
great thickness and the almost horizontal position of this coal bed make 
it practicable to run long lines of railroad tunnels through the bed and 
load the cars in the mines for distant transportation. c. r. k. 
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containing deposit was made at an age closely corresponding to the 
Clinton of the New York sections, and was incident to the deep- 
ening seas which soon after received the limestone formation of the 
St. Clair (Niagara) epoch. 

The Devonian of the Ozark region has always been a puzzle to 
geologists. Professor Williams* observations go a long ways !n 
solving some of the most perplexing phases. "In numerotis places 
in north Arkansas the evidences of an unconformity separating the 
Silurian from the overlying Carboniferous, are very clear. In some 
cases there is no rock-material separating these two grand terrancs. 
In other cases there are greenish shales, or coarse sandstones, with 
polished grains and rounded nodules of black shale; and in the west- 
ern section the interval is occupied, in part, by a black shale, the 
Eureka shale of the Washington County report." The fauna in the 
fine shales which succeed the black shales is correlated with that of 
the Louisiana or lithographic limestone, and "is thus as late as the 
Kinderhook stage of the Eocarboniferous." 

The interpretation of the facts is "that the tjrpical interval-mater- 
ials, the green shale and the Sylamore sandstone, were deposited after 
the period of the formation of the typical black shales which, along 
the borders of the Ozark uplift, was terminated, or actually driven 
outward, by the elevation of that region; that these particular de- 
posits mark the stage of sinking again of the land and the resultant 
erosion which introduced the Carboniferous formations for, this re- 
gion ; that the time was at the very close of the Devonian and be- 
ginning of the Carboniferous eras. I conclude that the explanation of 
the varying age and nature of these deposits is due to the sections 
having been taken at places at lower or higher position on the grad- 
ually sinking land and expressing the overlap of the successively more 
recent deposits. Further study of the whole problem of the deposits 
filling the Devonian interval in the South has led to the conclusion 
that, however much erosion of the underlying Silurian formation took 
place, the sediments of black mud forming the shale, did not begin 
till after the beginning of the Devonian era. The age of the begin- 
ning of the new sedimentation being determined by the first fossils 
above the abrupt change, the unconformity may not be indicated by 
conspicuous modification of the plane of sedimentation. We should 
less expect real unconformity in the central part of the continental 
mass, as in the Misj^issippi valley region than on the borders where 
the folding and faulting has been chiefly concentrated." 

There is one statement concerning the Carboniferous which de- 
serves more than passing notice. It relates to the Spring Creek di- 
vision, which may be the equivalent in part of the Fayetteville shale 
of the western part of the state. "It is of interest to note the con- 
nection between the sharp and decided change of fauna and the change 
in the lithology of the rocks. The passage, beginning with the red 
marble, is from argillaceous shales, through calcareous and often 
crystallized, to cherty limestone, becoming more and more chcrty at 
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the top. Then comes a sudden change; black shales, and black sheets 
of limestone, with silicious sand mixed with them; sometimes beds of 
sandstone; but the order is various and different in separate sections 
a few miles apart. 

"It was in this black shale and limestone, with more or Ifess sand- 
stone, that the new fauna arrived ; in the present case, a remarkable 
fauna for the locality. It included species which have never been 
seen before in the Mississippi valley, but are known in Nevada. It 
includes species which were never known before to occur so late in 
the series, but are common types in the preceding Devonian. The 
fauna points to some change by which communication was made with 
distant localities in the, then, sea basin." On the whole the Paleo- 
zoic faunas of northern Arkansas may be said to be the most not- 
able contribution to our knowledge of the Ozarks that has ever been 
made. c. r. k. 

What is an Echinoderml by F. A. Bather. (Jour. London Coll. Sa, 

See Vol. VIII, pp. 21-23, London, 1901.) 

An article which deserves more than passing notice by paleonto- 
logists is the admirable summary of our knowledge relating to the 
echinoderms, which Dr. Bather gave a short time ago in a lecture 
delivered before the City of London College Science Society. Coming 
from one who is not only a zoologist but who has had wide experience 
with fossil forms of life, the subject is viewed from the broadest pos- 
sible position. 

After considering briefly the characters by which an echinoderm 
may be distinguished from all other organisms, the three principal 
theories as to the origin and evolution of this group are summed up. 
These three theories are the ones which have had most influence upon 
morphologists. They are called the "Calycinal," the "Pentactaea," and 
the "Pelmatozoic" theories. The last of these seeihs now to be winning 
acceptance, but the other two cannot be dismissed without some words. 

The first of these theories, the Calycinal of Loven, Carpenter and 
Sladen, "asserts that certain skeletal elements, with a definite ar-. 
rangement, form the ground-plan of all echinoderms, which, therefore, 
are all descended from an ancestor with such composition of its skel- 
eton. The elements in question are the circlets of plates that are 
present in the tlieca or calyx of a typical crinoid, namely, the five orals 
around the mouth, the five radials from which the arms spring, the five 
basals below the radials, the five infrabasals occasionally found be- 
tween the basals and the stem, and finally a plate of more dubious 
nature-7-the dorsocentral." 

The "Pentactaea theory" of Semon crystallized the views of those 
who held that "the holothurians were the most primitive among echino- 
derms, and the family Synaptidae the most primitive among holothur- 
ians. Early in the life history of Synapta occurs a stage with five 
tentacles around the mouth, and into these pass canals from the water- 
ring, the radials canals to the body-wall making a subsequent, and only 
temporary appearance. Semon called this stage the Pentactula, and 
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supposed that in its early history the class had passed through a similar 
stage, which he called the Pentactaea and regarded as the ancestor ot 
all echinoderms." 

The third theory seems to have broader foundations than either of 
the others. "Any theory of the origin and evolution of the echino- 
derms has to explain those features in the structure and life-history of 
living echinoderms to which attention has been called; it has to find 
pa for the varied structures of extinct forms, more particularly the 
ancient crystids; and it has to connect the echinoderms with some an- 
ecedent group, whose structure shall not be echinodermal, but compar- 
able with that of some more simple animals now known to us. * * * 
Opinion trends towards the belief that the most important of these 
steps was a fixed stage through which the group passed at an early 
period of its race-history, and the theory that this is the explanation 
of the peculiarities of echinoderm structure may be called the 'Pelma- 
tozoic theory.' " c. R. K. 

Iowa Geological Survey, Volume XI. Administrative Reports, Sam- 
uel Calvjn, State Geologist; A. G. Leonard, Assistant State Geol- 
ogist. Dcs Moines, 1901 ; pp. 519, with 12 plates, 9 geological maps 
of counties, and 43 figures in the text. 

This volume contains a statement of the progress of the survey 
during the year 1900, and of its chief directions of special investigja- 
tions, by Prof. Calvin ; a chapter on the mineral production of the state 
in that year, by Dr. S. W. Beyer : and detailed reports on the geology 
of Louisa and Pottawattamie counties, by Prof. J. A. Udden ; of Marion 
county, by B. L .Miller: of Cedar county, by Prof. William H. Norton; 
of Page county, bv Prof. Calvin : and of Clay and O'Brien counties, by 
Prof. Thomas H. MacBride. About half of the state has now been 
geologically mapped and described, including more than forty counties 
variously grouped throughout its whole area. 

It is announced that Dr. Beyer is preparing a monograph on the 
clays of Iowa ; that Prof. Norton is preparing a further report on ar- 
tesian wells, supplementing his previous work ; and that a monograph 
on the grasses of Iowa, by Prof. L. H. Pammel, is in press, to be is- 
sued as one of the publicatons of this survey. During the present year 
investigations of the present soils of the state were expected to be 
taken up by Mr. Milton Whitney, chief of the Soil Division of the 
L"^nited States Department of Agriculture. 

The production of coal in Iowa last year amounted to $6,977,466; of 
clay industries, $2,395,488; and of stone, gypsum, lead and zinc^ and 
iron ore, together about $1,000,000. w. u. 

Structure and relations of Uintacrinus; by Frank Springer. (Mem. 
Mus. Comp. Zool., Vol. XXV, pp. 1-90, 8 pis., Cambridge, 1901.) 
Ever since its discovery, the Cretaceous crinoid Uintacrinus has 
been of great interest to morphologists and paleontologists. So much 
has been written about this remarkable type of crinoid that it would 
seem that nothing more worth recording remained to be told. Yet now 




Review of Recent Geological Literature. 259 

comes a new and ponderous monograph containing a mine of suggest- 
ive information, exhaustively considered and superbly illustrated. 

The great feature of general interest is the bearing of the discus- 
sion on crinoid classification. At a single stroke all existing classifi- 
cations are not only thrown into confusion, but the last prop is taken 
from under certain of those schemes of systematic arrangement which 
are claimed to rest securely on phylogenetic foundations. 

Uintacrinus has long been regarded as one of the rarities in crinoid 
collections. Its recorded occurrences were few. Mr. Bather, however, 
after wide travel in Europe, found the form to be really widely and 
abundantly distributed. In Kansas, great slabs containing hundreds of 
beautifully preserved specimens were recently obtained. 

To the morphologist, Mr. Springer's studies are a revelation in 
many ways. Some features which he brings out are unique. The re- 
markable information relating to the structure of the base is particularly 
noteworthy. The main distingui.shing feature of the two great sub- 
classes of Dicyclica and Monocyclica are here found in one and the 
same species, 

In order to appreciate fully the importance of the present discovery, 
reference must be made to the recent text-books on zoology and paleon- 
tology. "There is no doubt that the occurrence of these two forms of 
base in this genus is a most extraordinary fact. Nothing like it has 
ever been observed before among the crinoids, to my knowledge," says 
Mr. Springer. "Wachsmuth and Springer held the presence or ab- 
sence of infrabasals to be a good family character, except in case of 
the Reteocrinidse, in which dicyclic and monocyclic genera — otherwise 
markedly similar — were included by us. It was the difficulty presented 
b> these genera that prevented us from attributing to this character a 
higher value and wider significance. Mr. Bather, on the other hand, 
considered tlie difference in the two forms of base as sufficient to sep- 
arate the Crinoidea Inadunata into two suborders. He has lately in 
the chapters on the Echinodermata in Part III of Ray Lankester's treat- 
ise on zoology, elaborated a scheme of classification, embracing the 
whole of the Pelmatozoa. on phylogenetic principles, in which he sub- 
divides the class Crinoidea into two sub-classes : Monocyclia and Di- 
cyclica. 

"The validity of such a division of the Inadunata was first combated 
and denied in the monograph of the Crinoidea Camerata, upon grounds 
which it is not necessary to restate here. There was undoubtedly much 
plausibility in the suggestion of these two divisions, more as to the 
Inadunata than to the Camerata. What made it especially attractive 
was the fact that it was based upon differences in the primitive ele- 
ments of the crinoid organization, representing phylogenetically differ- 
ent early stages of tlie only crinoid whose embryology we know. And 
the argument which was considered by its author to be conclusive, was 
the assumed fact that there was no such thing as a transition from one 
form of base to the other. What, then, is the significance of the pres- 
ent discovery in relation to this question? It presents a difficulty far 
more formidable than the case of the Reteorcrinidae. 
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"For those arc Lower Silurian types,— among the earliest known 
crinoids; and it is quite possible to suppose, if the crinoids diverged 
itito two lines of development on this character, that they represent 
stages somewhat near the point of such divergence. If the two forms 
of base represented in Uintacrinus had been found in specimens other- 
wise separable they would, under Mr. Bather's arrangement, have been 
unquestionably referred to different genera, families, orders, and sub- 
classes. Considering the apparent identity of these forms in every other 
point of structure, coupled with their mode of occurrence and associa- 
tion. I do not see how any such separation can possibly be made in this 
case. We therefore have apparently to deal with a case of individual 
variation, as to this supposed primitive character, within the limits 
of a species. That is to say, in this species, living in the same locality, 
having the same environment, floating in the same mass, certain indi- 
viduals matured to represent one stage of larval developmesit. i. e. with 
infrabasals ; and others in another stage, i. e. with basals only. 

"In short, there are the two supposed distinct types. Monocyclica 
and Dicyclica, occurring in both young and adult of one and the same 
species. It will not do to say that the species is dicyclic, but in a cer- 
tain individuals the infrabasals are not developed, or hidden hy the 
centrale, or have disappeared by atrophy. If this were so the eentrale 
ought to be interradial in both cases i whereas, as already shown, its 
orientation is reversed from one to the other, precisely as in typical 
monocyclic and dicyclic forms, 

'"At all events, we have in Uintacrinus perfect proof that in som« 
cases the characters of a monocyclic or dicyclic base are subordinate 
to others, and do not mark the line of descent." 

The nine beautiful plates of figures give the best graphic represen- 
tation of Uintacrinus that has ever appeared, c. r. k. 

Coal Fields around Tie Chou, China; by Noah Fields Drake. (Trans. 

American Inst. Min. Eng., Vol. XXX. pp. 261-277, 19°',) 

On accotmt of the recent exciting changes on the checker-board of 
the far east, the coal supplies of China have an unusual interest. Every 
addition to our knowledge of these coal fields since the explorations of 
Baron von Riehthofcn, over three decades ago. is now scanned with 
avidity, Dr, Drake's contribution comes at an opportune time. 

The coai fields of Shansi lie about four hundred miles southwest of 
Peking, near the great Yellow river. The long journey was taken 
mainly on slow river-boats, and the somewhat limited time at the cmb- 
mand of the author, allowed only work to be done in (he dislrii-t around 
Tse Chou, Until very recently the hostile atliluilc of the Chinese gov- 
ernment and people towards foreigners and tlieir enterprises, has kept 
the coal-fields from being developed. 

The rock formations are roughly divided into three g 
There is a basal limestone formation, the KohlcnkaSk Q 
aggregating 2.000 feet or more in thickness; a median | 
posed of shales, coals, sandstones, and a 
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comes a new and ponderous monograph containing a mine of suggest- 
ive information, exhaustively considered and superbly illustrated. 

The great feature of general interest is the bearing of the discus- 
sion on crinoid classification. At a single stroke all existing classifi- 
cations are not only thrown into confusion, but the last prop is taken 
from under certain of those schemes of systematic arrangement which 
are claimed to rest securely on phylogenetic foundations. 

Uintacrinus has long been regarded as one of the rarities in crinoid 
collections. Its recorded occurrences were few. Mr. Bather, however, 
after wide travel in Europe, found the form to be really widely and 
abundantly distributed. In Kansas, great slabs containing hundreds of 
beautifully preserved specimens were recently obtained. 

To the morphologist, Mr. Springer's studies are a revelation in 
many ways. Some features which he brings out are unique. The re- 
markable information relating to the structure of the base is particularly 
noteworthy. The main distinguishing feature of the two great sub- 
classes of Dicyclica and Monocyclica are here found in one and the 
same species. 

In order to appreciate fully the importance of the present discovery, 
reference must be made to the recent text-books on zoology and paleon- 
tology. "There is no doubt that the occurrence of these two forms of 
base in this genus is a most extraordinary fact. Nothing like it has 
ever been observed before among the crinoids, to my knowledge," says 
Mr. Springer. "Wachsmuth and Springer held the presence or ab- 
sence of infrabasals to be a good family character, except in case of 
the Reteocrinidae, in which dicyclic and monocyclic genera — otherwise 
markedly similar — were included by us. It was the difficulty presented 
b> these genera that prevented us from attributing to this character a 
higher value and wider significance. Mr. Bather, on the other hand, 
considered the difference in the two forms of base as sufficient to sep- 
arate the Crinoidea Inadunata into two suborders. He has lately in 
the chapters on the Echinodermata in Part III of Ray Lankester's treat- 
ise on zoology, elaborated a scheme of classification, embracing the 
whole of the Pelmatozoa, on phylogenetic principles, in which he sub- 
divides the class Crinoidea into two sub-classes : Monocyclia and Di- 
cyclica. 

"The validity of such a division of the Inadunata was first combated 
and denied in the monograph of the Crinoidea Camerata, upon grounds 
which it is not necessary to restate here. There was undoubtedly much 
plausibility in the suggestion of these two divisions, more as to the 
Inadunata than to the Camerata. What made it especially attractive 
was the fact that it was based upon differences in the primitive ele- 
ments of the crinoid organization, representing phylogenetically differ- 
ent early stages of the only crinoid whose embryology we know. And 
the argument which was considered by its author to be conclusive, was 
the assumed fact that there was no such thing as a transition from one 
form of base to the other. What, then, is the significance of the pres- 
ent discovery in relation to this question? It presents a difficulty far 
more formidable than the case of the Reteorcrinidae. 
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supposed that in its early history the class had passed through a similar 
stage, which he called the Pentactaea and regarded as the ancestor of 
all echinoderms." 

The third theory seenis to have broader foundations than either of 
the others. "Any theory of the origin and evolution of the echino- 
derms has to explain those features in the structure and life-history of 
living echinoderms to which attention has been called ; it has to find 
pa for the varied structures of extinct forms, more particularly the 
ancient crystids; and it has to connect the echinoderms with some an- 
ecedent group, whose structure shall not be echinodermal, but compar- 
able with that of some more simple animals now known to us. * * * 
Opinion trends towards the belief that the most important of these 
steps was a fixed stage through which the group passed at an early 
period of its race-history, and the theory that this is the explanation 
of the peculiarities of echinoderm structure may be called the *Pelma- 
tozoic theory.' " c. R. K. 

Iowa Geological Survey, Volume XL Administrative Reports. Sam- 
uel Calvjn, State Geologist; A. G. Leonard, Assistant State Geol- 
ogist. Dcs Moines, 1901 ; pp. 519, with 12 plates, 9 geological maps 
of counties, and .43 figures in the text. 

This volume contains a statement of the progress of the survey 
during the year 1900, and of its chief directions of special investiga- 
tions, by Prof. Calvin ; a chapter on the mineral production of the state 
in that year, by Dr. S. W. Beyer; and detailed reports on the geology 
of Louisa and Pottawattamie counties, by Prof. J. A. Udden ; of Marion 
county, by F>. L .Miller; of Cedar county, by Prof. William H. Norton; 
of Page county, bv Prof. Calvin : and of Clay and O'Brien counties, by 
Prof. Thomas H. MacBride. About half of the state has now been 
geologically mapped and described, including more than forty counties 
variously grouped throughout its whole area. 

It is announced that Dr. Beyer is preparing a monograph on the 
clays of Iowa ; that Prof. Norton is preparing a further report on ar- 
tesian wells, supplementing his previous work; and that a monograph 
on the grasses of Iowa, by Prof. L. H. Pammel, is in press, to be is- 
sued as one of the publicatons of this survey. During the present year 
investigations of the present soils of the state were expected to be 
taken up by Mr. Milton Whitney, chief of the Soil Division of the 
United States Department of Agriculture. 

The production of coal in Iowa last year amounted to $6,977,466; of 
clay industries, $2,305,488; and of stone, gypsum, lead and zinci and 
iron ore, together about $1,000,000. w. u. 

Structure and relations of Uintacrinus; by Frank Springer. (Mem. 
Mus. Comp. Zool.. Vol. XXV, pp. 1-90, 8 pis., Cambridge, 1901.) 
Ever since its discovery, the Cretaceous crinoid Uintacrinus has 
been of great interest to morphologists and paleontologists. So much 
has been written about this remarkable type of crinoid that it would 
seem that nothing more worth recording remained to be told. Yet now 
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comes a new and ponderous monograph containing a mine of suggest- 
ive information, exhaustively considered and superbly illustrated. 

The great feature of general interest is the bearing of the discus- 
sion on crinoid classification. At a single stroke all existing classifi- 
cations are not only thrown into confusion, but the last prop is taken 
from under certain of those schemes of systematic arrangement which 
are claimed to rest securely on phylogenetic foundations. 

Uintacrinus has long been regarded as one of the rarities in crinoid 
collections. Its recorded occurrences were few. Mr. Bather, however, 
after wide travel in Europe, found the form to be really widely and 
abundantly distributed. In Kansas, great slabs containing hundreds of 
beautifully preserved specimens were recently obtained. 

To the morphologist, Mr. Springer's studies are a revelation in 
many ways. Some features which he brings out are unique. The re- 
markable information relating to the structure of the base is particularly 
noteworthy. The main distinguishing feature of the two great sub- 
classes of Dicyclica and Monocyclica are here found in one and the 
same species. 

In order to appreciate fully the importance of the present discovery, 
reference must be made to the recent text-books on zoology and paleon- 
tology. "There is no doubt that the occurrence of these two forms of 
base in this genus is a most extraordinary fact. Nothing like it has 
ever been observed before among the crinoids, to my knowledge." says 
Mr. Springer. "Wachsmuth and Springer held the presence or ab- 
sence of infrabasals to be a good family character, except in case of 
the Reteocrinidae, in which dicyclic and monocyclic genera — otherwise 
markedly similar — were included by us. It was the difficulty presented 
b> these genera that prevented us from attributing to this character a 
higher value and wider significance. Mr. Bather, on the other hand, 
considered the diflPerence in the two forms of base as sufficient to sep- 
arate the Crinoidea Jnadunata into two suborders. He has lately in 
the chapters on the Echinodermata in Part III of Ray Lankester's treat- 
ise on zoology, elaborated a scheme of classification, embracing the 
whole of the Pelmatozoa, on phylogenetic principles, in which he sub- 
divides the class Crinoidea into two sub-classes : Monocyclia and Di- 
cyclica. 

"The validity of such a division of the Inadunata was first combated 
and denied in the monograph of the Crinoidea Camerata, upon grounds 
which it is not necessary to restate here. There was undoubtedly much 
plausibility in the suggestion of these two divisions, more as to the 
Inadunata than to the Camerata. What made it especially attractive 
was the fact that it was based upon diflPerences in the primitive ele- 
ments of the crinoid organization, representing phylogenetically differ- 
ent early stages of the only crinoid whose embryology we know. And 
the argument which was considered by its author to be conclusive, was 
the assumed fact that there was no such thing as a transition from one 
form of base to the other. What, then, is the significance of the pres- 
ent discovery in relation to this question? It presents a difficulty far 
more formidable than the case of the Reteorcrinidae. 
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"For those are Lower Silurian types, — among the earliest known 
crinoids; and it is quite possible to suppose, if the crinoids diverged 
into two lines of development on this character, that they represent 
stages somewhat near the point of such divergence. If the two forms 
of base represented in Uintacrinus had been found in specimens other- 
wise separable they would, under Mr. Bather's arrangement, have been 
unquestionably referred to different genera, families, orders, and sub- 
classes. Considering the apparent identity of these forms in every other 
point of structure, coupled with their mode of occurrence and associa- 
tion. I do not see how any such separation can possibly be made in this 
case. We therefore have apparently to deal with a case of individual 
variation, as to this supposed primitive character, within the limits 
of a species. That is to say, in this species, living in the same locality, 
having the same environment, floating in the same mass, certain indi- 
viduals matured to represent one stage of larval development, i. e. with 
infrabasals ; and others in another stage, i. e. with basals only. 

"In short, there are the two supposed distinct types, Monocyclica 
and Dicyclica, occurring in both young and adult of one and the same 
species. It will not do to say that the species is dicyclic, but in a cer- 
tain individuals the infrabasals are not developed, or hidden by the 
centrale, or have disappeared by atrophy. If this were so the centraie 
ought to be interradial in both cases ; whereas, as already shown, its 
orientation is reversed from one to the other, precisely as in typical 
monocyclic and dicyclic forms. 

**At all events, we have in Uintacrinus perfect proof that in some 
cases the characters of a monocyclic or dicyclic base are subordinate 
to others, and do not mark the line of descent." 

The nine beautiful plates of figures give the best graphic represen- 
tation of Uintacrinus that has ever appeared. c. r. k. 

Coal Fields around Tse Chou, China; by Noah Fields Drake. (Trans. 

American Inst. Min. Eng., Vol. XXX, pp. 261-277, 1901.) 

On account of the recent exciting changes on the checker-board of 
the far east, the coal supplies of China have an unusual interest. Every 
addition to our knowledge of these coal fields since the explorations of 
Baron von Richthof'en, over three decades ago, is now scanned with 
avidity. Dr. Drake's contribution comes at an opportune time. 

The coal fields of Shansi lie about four hundred miles southwest of 
Peking, near the great Yellow river. The long journey was taken 
mainly on slow river-boats, and the somewhat limited time at the com- 
mand of the author, allowed only work to be done in the district around 
Tse Chou. Until very recently the hostile attitude of the Chinese gov- 
ernment and people towards foreigners and their enterprises, has kept 
the coal-fields from being developed. 

The rock formations are roughly divided into three great terranes. 
There is a basal limestone formation, the Kohlcnkalk of Richthofcn, 
aggregating 2,000 feet or more in thickness ; a median formation com- 
posed of shales, coals, sandstones, and a flint-bearing limestone bed, 
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The officers of Section E, elected at the Denver meeting 
of the Association for the Advancement of Science, are O. A. 
Derby, Sao Paulo, Brazil, vice-president; and F. P. Gulliver, 
Southboro, Mass., secretary. Prof. Asaph Hall, Cambridge, 
Mass., was elected president of the Association. 

The earliest traces of man. Sir Henry Howorth, au- 
thor of "The Glacial Nightmare," considers paleolithic man 
was preglacial, and neolithic man postglacial. In a work, soon 
to be issued by him, he condenses a vast mass of evidence just- 
ifying that classification. He has an interesting article on this 
topic in the Geological Magazine for August. 

Geology of the South African Republic The late 
official geologist, M. Molengraaf, has prepared and issued what 
may be considered his final summarv report. It is printed in 
the bulletin of the Geological Society of France, fourth series, 
vol. I., No. I. June, 1901. This survey, interrupted and term- 
inated by the unfortunate war of the last two years, is thus not 
entirely lost. The report extends through seventy-nine pages, 
and has a general geological map. 

American meteorites described. In the Vienna Annalen 
K. K, Natur-historischen Hof museums, band 15, Heft 3-4, 
1900, professor Cohen publishes his "Meteoreisen-Sudien XL" 
This includes new descriptions of the following American 
meteorites: Illinois Gulch, Deer Lodge Co., Montana; Deep 
Springs farm, Rockingham county. North Carolina; Ham- 
mond, St. Croix county, Wisconsin ; Cacaria, Durango, Mex- 
ico; Mezquital, Durango, Mexico; Murphy, Cherokee county. 
North Carolina : St. Francis countv. Missouri ; Crosb^' Credc, 
Cooke county, Tennessee; Cafion Diablo, Crater mountain, 
Arizona ; Merceditas, Chanaral, Chili ; Kendall county, San 
Antonia, Texas ; Minas Geraes, Brazil ; Mount Joy, Adams 
county, Penn., fschreibersite). 

The summer scientific meetings at Denver, Col., Aug. 
27-31, were notable, not only for their geographic location, 
i. e. in the eastern foothills of the Rocky mountains, but for 
their success as scientific meetings. The geologists who at- 
tended were greatly satisfied with the carefully arranged pro- 
grams of geological excursions, and with the character of the 
papers that were presented. Prof. C R. Van Hise, vice-presi- 
dent of Sec. E of the American Association for the Advancement 
of Science, gave an evening popular address on the methods 
of deposit of ores by underground waters. He questioned the 
possibility of the origin of ore-deposits by upward flowing 
waters, and urged instead that such deposits originate, in the 
first instance, from downward moving waters, thus differing 
from Posepnv. He thus reached the conclusion, borne out by 
facts cited, that after passing l>elow the surface oxidized zone 
of mineral veins, the richest deposits are in the upper portion. 



270 The American Geologist. November. 1901. 

and the manuscript was fortunately in such form that it can h?. 
sent to press, for it represents a splendid piece of work, and 
one at which he had labored almost unceasingly. He also had 
nearly completed a paper on the petrography of the rocks 
around Mi. Desert, Me. 

Always an active church member, he decided in 1900 to 
give almost his entire time to philanthropic work among 
boys and young men. He was especially interested in boy's 
clubs, and with his own ample means was engaged in estab- 
lishing a boy's club known as the Gordon House at the time of 
his death. Indeed it was his untiring devotion to this cause 
which so taxed his strength that when taken ill, he had no 
vitality left with which to combat the disease. 

Dr. White was a man of great energy and perseverance, 
and never left a piece of work until he felt that everything had 
been done towards its completion which was passible, and it 
is most sad that his life should have been cut off when he was 
entering upon a most promising career. 

He was a fellow of the Geological Society of America, the 
New York Academy of Science, Torrey Botanical Club, Amer- 
ican Association for the Advancement of Science, New York 
Alineralogical Club, and other organizations. For two years 
prior to liis death he served as secretary of the geological sec- 
tion of the New York Academy of Science. 

He frequently contributed to various periodicals and a list 
of his geological papers is given below : 

Publications of Dr. Tlico. G. White. 

'ihe geology of Willsboro and Essex townships. Essex county, N. Y. 

Trans. X. V. Acad. Sci., Vol. XIII. pp. 214-233. pi. 6 and 7. 
An account of the Sunnner's Work in (ieology on Lake Champlain 

(with G. van Ingen.) Trans. X. V. Acad. Sci., Vol. XV, pp. 

19-23- 
The Upper Ordovician Faunas in tlie Lake Champlain Valley. Bull. 

Geol. Soc. Anier.. \'ol. X.. pp. 452-462. 
'ihe Original Trenton Rocks. Anier. Jour. Sci. (3). \o\. IL. 1896, 

1>P- 430-4.?2- 
'J'he Faunas of the Upper Ordovician Strata at Trenton Falls. Oneida 

Co.. X. Y. Trans. X. Y. Acad. Sci.. \'ol. X\'.. pp. 7i-c)6. pi IL-V. 
Report on the Relations of the Ordovician and I^o-Silurian Rocks in 

l)ortions of Herkimer. Oneida and Lewis Counties. Appendix A.. 

Ann. Rep.. X. \. State Museum, i8(;g. p. 2>^. 
A CoiUrihuiion to the Petrography of the l>oston Basin. Proc. Bost. 

Soc. Xat. Hist.. Vol. XXVIII.. Xo 6. pp. ii;-i5f). 
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NEW ZEALAND IN THE ICE AGE.* 

By C. H. Hitchcock. LL. D. 
PLATES XXIV- XXVI. 

It was my good fortune two or three years since to spend 
a month in New Zealand, travelling the entire length of the 
two principal islands. During this period I noted the peculiar 
characteristics of the glacial phenomena; and will briefly de- 
scribe them as they appeared to one familiar with the ice- 
markings of North America. The New Zealand geologists 
have been diligent in their study of these vestiges, with con- 
siderable divergence in their opinions. I append a listf of the 
papers wiitten by them which I have consulted, including ex- 
plorations in the Southern Alps among the living glaciers. 
The conclusions to be stated later are my own. 

New Zealand consists mainly of two large islands, the one 
southwe.-t of the other in direct line, both together being 
about one thousand miles long. It is only the southern island 
that possesses active glaciers and important evidence of ancient 
ice-action. It has an area of 55,000 square miles, the two to- 
gether amounting to 100,000. The trend is northeast and 
southwest ; width on the average 140 miles ; length about 500, 
lies between latitudes 41** 30' and 46** 40', longitudes 166** 30' 
and 174** 30' west of Greenwich. A range of high mountains 
is situated nearer the west than the east coast, reaching the 
maximum of 12,349 feet in Mt. Cook. Only two other peaks 
exceed 11,000 feet, and there are thirteen more than 10,000 
feet high in the Southern Alps. The predominant winds are 
from the northwest and there is a greater precipitation of 
moisture on the northwest coast, the extreme annual amounts 
of rain fall being 126 inches at Hokitika on the northwest and 
twenty-five inches at Christ Church on the southern side. 

* Read before the American Association for the Advaacement of Science 
at the New York meeting. 

t New Zealand, its Physical Geography. Geology and Natural History, etc. 
by F. Von Hochstbttbr. 1867. Bnglish edition. 

Geology of Canterbury and Westland. By Julius HaasI*. 1879. 

With Axe and Rope in the New Zealand Alps. By G. E. Mannbring, 1891. 

Camp Life in Fiordland. By William McHutchbson, 1892. 

Official Reports of the Department of Lands, 1893-1897. By S. Pbrcy 
Smith. General Surveyor. 

Pioneer work in the Alp« of New Zealand. By A. P. Harprr. 1896. 

Climbs in the New Zealand Alps. By B. A. Pitzgbkald. 1896. 

Report of the Research Committee appointe*! to collect evidence as to 
glacial action in Australasia in Tertiary or Post Tertiary time. Captain F. 
W. HUTTON, reporter for New Zealand. From Proc. Australasian Association 
for the Advancement of Science. 
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The terminal faces of the glaciers now in motion vary with 
their position. The most northern are near latitude 41** at Mt. 
Arthur descend to 3,600 and 3,000 feet on the eastern slopes, 
and to 3,000 and 2,700 feet on the western slopes. In the Alps 
the Tannan glacier terminates at the altitude of 2,500 feet ; the 
Francis Joseph and Fox glaciers on the west of the slope ter- 
minate at 950 and 734 respectively. Farther south, as 
upon Mt. Eamslaw, the glaciers terminate much higher up and 
diminish in rise. There may be glaciers above latitude 45* un- 
known to mankind because of the lack of exploration. 

THE FIORD REGION. 

In the earlier periods glaciers must have abounded in this 
elevated southwest portion of the island, because of the ex- 
istence there now of numerous fiords. In the New Zealand 
summer (January) steamers visit these fiords or sounds for the 
benefit of tourists. There are thirteen of these interesting 
chasms on the southwest coast stretched over two degrees of 
latitude, the most romantic being Mitford sound. The gen- 
eral altitude of. the high plateau is from 4,000 to 5,000 feet, 
while several peaks rise to 7,000 and 9,000 feet. The excur- 
sion steamer sails from one fiord to another in the night time,, 
and the following day is spent in explorations of the interior 
valley. The soundings of the mouths of the fiords indicate 
depths of forty fathoms and less; but farther in they exceed 
100 fathoms. On the opix)site side of the ridge the corres- 
ponding fiords may be recognized in lake Te Anan, ^lanapouri^ 
Wakatipu, Wanaka and Hawea, all of which are true glacial 
lakes formed by the damming of the fiord by terminal moraines. 
There may have been here a diflferent change of level, because 
the present outlet of the lakes arc much higher than the inlets 
to the sounds. 

Plate xxiv represents the present locations of the active gla- 
ciers ; the areas/ occui)icd by the ice at the time of maximum 
glaciation ; the positions of the fiords and glacial lakes, and 
several glacier fans or river deposits, perhaps partly marine. 
The map is defective in that I have been unable to present all 
the glaciers and the extreme limits of the fans and plains. 
There must be a multitude of glaciers northeasterly from the 
region of Mt. Cook, or the southern alps, and possibly a few 
in the snow fields bordering the sounds. 
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The most southern important fiord valley is that of the 
Waian river with lakes Manipouri and Te Anan, supplemented 
at its northern end by the Clinton valley ; a hundred and twelve 
miles long, with four prominent tributaries upon the west side. 
Waian river discharges from lake Manipouri fifty miles from 
the sea, with the altitude of 591 feet. Te Anan is only four 
miles distant from Manipouri, with the altitude of 694 feet. 
Its bottom is 600 feet below the level of the sea. The Clinton 
valley is a gorge after the manner of the Yosemite, about half 
a mile wide, twelve miles long, and with precipitous sides from 
4,000 to 5,000 feet high — the distant peaks rising to 7,000 — 
and the saddle at the hight of land leading to Milford sound 
is 3,400 above the sea. Several glaciers discharge into the 
Qinton valley. Just beyond are the famous Sutherland falls, 
consisting of three leaps, the upper 815, the middle 751, and 
the lower one 338, giving a total of 1,904 feet, all visible from 
one point of view. 

Wakatipu lake represents the next fiord valley on the south- 
eastern side of the highlands. Its former outlet seems to have 
started at Kingston, and connection made with Mataura river, 
coursing about one hundred miles to the sea. The moraine at 
Kingston is easily made out. At several localities along the 
Mataura river ancient extensive flood plains with clear cut 
terraces are in evidence. The lake is fifty miles long- and usually 
two miles wide, in a fiord valley. The surface of the water is 
1069 feet above the sea, and from a few soundings, the bottom 
is proved to lie lower than the present sea level. Embossed 
ledges may be seen at several places, but they are somewhat 
obscure, largely because of the supposed great lapse of time 
since they were covered by the glacier. Mountains like the 
Remarkables border both sides of the lake, rising more than 
6,000 feet above it, and it is easy to see the upper limits of the 
glaciated rocks, reaching up their flanks more than 2,000 feet. 
The surface of the mountain shows the diflFerences between the 
glaciated and unglaciated sections just as in the Swiss alps, 
only they are less clear cut. At Queenstown, about midway of 
the lake, the present outlet through the Kawaran river starts 
out and reaches the Clinton in the distance of twenty-seven 
miles. There are five terraces at the outlet (Frankton) and 
at Queenstown, each about 150 feet high, and at the mouth of 
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the Shotoon river below Frankton the delta is about 400 feet 
high. The Shotoon and Arrow rivers have been famous for 
the large amount of placer gold contained in these drifted 
sands. Near the north end of Wakatipu, there are other clear 
cut terraces at least a hundred feet high upon the Buckley 
Burn, three upon the south and five upon the north side. At 
other localities along the lajke the levels of the terraices are 
frequently higher where the tributary streams discharge than 
upon either side. Plate xxvi is a view looking northerly up the 
valley of Dart river, away from Wakatipu. The ligrht colored 
flat consists of sands and gravels constituting" the existing 
flood plain, perhaps not over two feet higher than the lake, 
and derived from the glaciers of Mt. Earnslaw, 9,165 feet, and 
the Snowball glaciers, covering the divide between the Dart 
river and the northerly flowing streams beyond. The flood 
plain is two miles wide and is full of inosculating streams. The 
siiowfields on the right in the figure are those of Mt. Earns- 
law ; those on the left in the distance cover Cosmos peak ; the 
snowball glaciers are not visible. In some of the hig-h moun- 
tains bordering lake Wakatipu are caves containing- numerous 
bones of the extinct Dinornis. The Clutha river combines the 
drainage of lake Wakatipu with that from Wanaka and Hawea, 
two larp;-e lakes still further to the northeast and fed by gla- 
ciers. Its course is winding, and the valleys narrow reaching 
the sea near longitude 170°. At Ralclutha, near its mouth. 
are enormous accumulations of loess. 

THK SOUTIIKRX ALPS. 

The tiorcl section is followed l)y the southern alps, where 
are the greatest elevations and the most extensive g-laciers ex- 
istinjif ui>jn the island. The i^overnnielit has had surveys made 
of the rej^ion, and the higher peaks have been climbed by am- 
ateurs from Great Britain. It is the ])()licy of the government 
to encourage tourist travel to this and other interesting re- 
gions, and they build the roads, erect the hotels and places of ref- 
uge at the public exj>cnse. In the Al])s the principal hotel i^ 
known as "The Hermitage." convenient to the ends of the Hor- 
kon, Mueller and Tasman glaciers. IMate xxv is a copy of the 
principal features of a map of the southern alps after Fitz- 
gerald, who utilized the work of the government survevor?. 
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adding- his own observations. The area is about thirty miles 
by eighteen, and the glaciers are situated upon both sides of the 
main divide. The books of Fitzgerald, Harper, Mannering and 
Green contain the records of explorations and ascents as thrill- 
ing and daring as any in alpine annals. Mt. Cook, the highest 
of the peaks, was first practicallv ascended by Rev. W. S. 
Green, in 1882, and later by Zurbriggen the celebrated Swiss 
guide, in 1895, who had gone to New Zealand in the employ 
of E. A. Fitzgerald. 

The Tasman is the most important of all these glaciers. It 
is eighteen miles in length, rising between Mts. Elie de Beau- 
mont and Darwin, 10,200 and 9,715 feet high, and receiving as 
tributaries on the left the Rudolph, Forrest-Ross, Kaufman, 
Haast, Freshfield, Hochstetter and Ball glaciers; on the right 
Darwin, Bonney, Beetham, Barkley, Langdale, Walpole, Reag^ 
Dorothy and the Murchison, second only in size to the Tasman. 
The water from the Mueller and Hooker glaciers joins the 
drainage from the Tasman below the Hermitage, which gives a 
more extensive flood plain than that described for the Dart 
river. The Tasman has the altitude of 6,136 feet two and a 
half miles below its remotest beginning, falls to 4,178 feet op- 
posite the Hochstetter glacier, where it is entirely covered by 
moraine material. This debris covers six and one-half miles 
extent of the lower part of the Tasman, being one and one- 
fourth miles wide at its lower end and two miles wide at the 
union with the Murchison. It is less than three-fourths of a 
mile wide for three miles of its course and broadest high up 
between Mts. Beaumont and Darwin. The altitude of the sur- 
face of the ice at the terminus is 2,490 feet, the wall being 140 
feet. The moraine is continuous for eleven miles from the 
terminus up to the head of the Rudolph glacier. Hochstetter 
glacier starts in a great oval mass, two by three miles in ex- 
tent, between Mts. Cook and Haast, making a great plateau on 
the north, and joined by the two tributaries Linda and Adam- 
son on the south, and the united mass falls over a precipice 
nearly 2,000 feet high before uniting with the Tasman. The 
pieces unite by regelation and move four miles down the slope. 
On the west edge of the Tasman, upon the moraine descending 
from the Ball glacier, a hut has been erected for the accommo- 
dation of travellers, 3,402 feet high, and twelve miles distant 
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from the Hermitage, 2,506 feet, and it can be reached easily 
by horses. It is a very convenient starting point for the ex- 
ploration of the Mt. Cook region. The total area of the Tas- 
man glacier is twice that of the Aletsch glacier in the Swiss 
alps. 

The Murchison rises farther to the northeast than the Tas- 
man, from Mt. Cooper 7,837 and Aylmor 8,819 feet, and curves 
so as to move southerly at the altitude of 5,791 feet. Manner- 
ing joins it at 5,084 feet, followed on the same west side by the 
Dixon, Wheeler, Baker, Cascade, Onslaw and Bamett, glaciers. 
The Harper and Aider glaciers are tributary on the east side 
near the upper limit. The Murchison makes a sweep of 180* 
before being joined by the Mannering, which has brought some 
debris to cover its own mass, while the Murchison is free for 
a mile and a half below the junction. The extreme length of 
the moraine covering is four miles, and the lines of blocks are 
distinct as they are upon the Tasman. Eadi tributary pushes 
debris upon the main glacier whose angles of direction soon 
change their course to fit the motion of the larger mass. The 
extreme length of the Murchison glacier is eleven miles, with 
the usual width of a mile. Below the terminal cliff vigorous 
streams of water meander across the valley for five miles till 
it reaches the Tasman, and then the water is crowded to the 
cast side of the ice. The terminal cliff "is eighty feet high or 
3,385 A. T. The fl(K)(l plain below commences at 3,308 and 
strikes the Tasman at 2,869 ^^^^y a fall of eighty-eight feet 
per mile 

The Mueller glacier reaches nearly to the Hermitage and 
has piled up a huge moraine 250 feet high behind the hospice. 
A general view of the lower portion shows morainic bands very 
similar to those upon Agamir's classic diagram of the \'iesch 
glacier. The Honker glacier comes down from the west flank 
of Mt. Cook and exhil)its finely the moraines and the ribbon 
structure of glaciers. It is formed by the union of the trib- 
utaries Empress, Xoeline and Mona glaciers. 

The other glaciers shown upon the nia]) are tributary to 
the rivers draining the northwest slope of these alps ; being at 
the south, the Twain and Copley, branches of Karangua river; 
then the Cook, the Balfour and Fox branches of C(.)ok river; 
the Wakupapa and Waiho rivers. The Douglass glacier is in 
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two parts ; the highest commencing as neve upon the west flank 
of Mt. Septon, and running parallel with the main glacier for 
four miles, and supplying it with avalanches along its whole 
course, nowhere touching the lower body. The precipices over 
which the ice falls vary in hight from 200 to 1,500 feet, over 
which avalanches fall from twenty to twenty-five feet every 
hour. Arrows upon the map indicate the general direction of 
this movement. 

The Fox glacier has been explored considerably because it 
is the nearest of the west coast glaciers to settlements, and de- 
scends the nearest to the sea level (734 feet). Cook river of 
which the Fox is a tributary, is a "wide unsightly stretch of 
shingle flats covered with large masses of drift timber, through 
which the water meanders in numberless channels." At the 
mouth of the Fox branch these flats are two miles wide. Some 
of the moraine piles reach the hight of 1,500 feet. The prin- 
cipal tributary of the Fox is the Victoria glacier, wihose term- 
inus is over a precipice one thousand feet high. The Fox 
arises from the western slope of Mts. Haidinger and Tasman 
and is ten miles long with a remarkable local neve at its source. 
The terminal face is 756 feet high, and is covered by debris for 
fifty chains. It is said that the retreat from melting is apparent 
in the middle rather than at its end. Measurements in the win- 
ter showed a motion in this glacier from twenty-one to thirty- 
one feet in twenty-eight days. Near the lower end there is a 
fine hot spring and a boulder thirty feet high and three hun- 
dred and fifty in circumference. Tony's rock, lower down, \> 
156 feet high and has a diameter of 268 feet. In the Copeland 
valley Fitzgerald measured a boulder 300 by 200 by 100 feet in 
linear dimensions and ''there were others still larger." There is 
a large tree growing upon the top of one. I have not seen any 
notice of any larger boulders than these are in any glaciated 
district, and their immense number interferes seriously with 
exploration. 

Observations upon the rate of motion of several of these 
glaciers have been made with care. On the Tasman, in the sum- 
mer, the average daily rate was from ten to eighteen inches ; 
in the Murchison, the average daily rate was from one-half to 
seven or eight inches; on the Hooker, from i.i to 5.4 inches; 
on the Mueller from 4.1 to 9.6 inches. The Franz Joseph gla- 
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cier gave numerous examples of daily motion up to 1 80 inches 
and several to 207. This glacier reaches a lower limit before 
disappearance than any other except the Fox. 

Mr. Harper has summed up his observations for a series of 
years upon the recession of the glaciers, **that at present the 
New Zealand glaciers are not receding to any appreciable ex- 
tent." The Spencer and Franz Joseph are retreating, the Tas- 
man is advancing rapidly ; there is no change in the Fox, Muel- 
ler, Hooker and Burton, and in all the chief glaciers there are 
no marked signs of recent changes. The government surveyors 
have placed numerous monuments to record future changes. 

GLACIAL FANS AND FLOOD PLAINS. 

The most important feature in New Zealand glaciation is 
the great area of the glacial fans and flood plainV>, and we 
can witness their formation. The larger streams are not 
bridged for ordinary highway travel, and fording is often- 
times dangerous. Many persons, including scientific explorers, 
have lost their lives while attempting the passage of these 
streams. The stage route to the Hermitage from the end of the 
railway makes a long detour of a whole day's travel in order 
to avoid the fording of the Tasman river. This river may illus- 
trate the features of the discharge and flow from the greatest 
ice mass. The stream at the end of the ice is 2,456 feet A. T. 
and falls to 1,717. feet at lake Pekaki, about twenty miles. Verv^ 
strong rapids mark the beginning of the flow and chere is little 
opportunity for vegetation to gain a foothold upon any of the 
shoals and quicksands. Several terminal and many lateral mo- 
raines skirt the banks. Lake Pakaki is twelve miles long and 
exists because of terminal moraines blocking up the valley, 
whose concentric arrangement can be easily made out — three 
miles broad and 250 feet high — just below the outlet a recent 
cut is very marked, 180 feet high. The upper sixty feet consists 
of white silt, and the lower part is of ordinary stony till. An- 
cient g'lacial lake markins, the highest coinciding with the sum- 
mit of this cut, were noted in the valley alx)ve the outlet. The 
river flows ninety-eight miles below Pakaki to the sea, an aver- 
age of seventeen feet to the mile, oftentimes too rapidly for 
canoe navigation. Two other glacial lakes, Tekapo and Ohan 
adjoin Pakaki, and their combined outlets constitute the Waita- 
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ki river. The map, Plate xxvi, will give some idea of the extent 
of this deposit, as it constitutes the "Mackensie Plains." Ac- 
cording to Dr. Haast this area indicated the presence of a trunk 
glacier thirty miles broad with three outlets besides the one on 
the Waitaki. Its thickness must have been 5,000 feet and the ice 
extended to a point twenty-five miles from the sea, giving 112 
miles as its length. 

Similar statements mav be made about the former extent 

• •• 

of glaciers upon seven large rivers in the province of Canter- 
bury, between latitudes 45' and 43'. At the lower ends of the 
glaciers the fans commenced, whose general extent is indicated 
upon Plate xxiv. Because the region is the most thickly popu- 
lated the Canterbury plains have been carefully explored, and 
by measurements made it is certain that there is a gradual rise 
from the ocean inland up the Waimakariri, Selwyn and Rakaia 
rivers in deposits of gravel, sand and silt, of material derived 
from the upper reaches of the streams scores of miles away. 
The plains are the ^'deposits of huge rivers issuing from the 
frontal ends of gigantic glaciers. According to Dr. Haast the 
Selwyn river flowed at the junction of the fan of the Waima- 
kariri and thait of the combined Rangitata, Ashburton and 
Rakaia rivers further southwest. The Banks peninsula was 
an island of igneous rock and has caused the junction of the 
fans with the marine wash of the fluviatile detritus, leaving 
still a considerable space unfilled, called lake Ellsmere. The 
glacial origin of the shingle can be well appreciated as the 
glacialist looks from his train crossing the rivers named above. 

CONCLUSIONS. 

Some general conclusions may be given without further de- 
tail: 

1. The New Zealand glaciers are all of the Alpine type — 
they don't pass the larger watersheds — and they are simply ex- 
tensions of the present ice system. There are no true erratics, 
1. e. blocks which have been transported from one drainage sys- 
tem to another. Hence there was no continental ice sheet. 
Usually the glacier did not reach the seashore, and thus far 
no Arctic marine shells have been discovered in the sands. 

2. The glaciers of the Southern alps are larger and finer 
than their congeners in the Swiss alps. Hence there is a 
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larger virgin area open for Alpine tourists. Many of these 
peaks and ice plains await the tread of explorers. Mt. Septon 
is the Matterhom of the Southern alps, rising from the valley 
to fully as great a hight as does its prototpye from the village 
of Zermatt and at a steeper angle. At the Hermitage there is 
a constant series of avalanches, startling one by their deafening 
roar, and being plainly visible. 

3. There are peculiarities in the various phenomena. Lat- 
eral and terminal moraines constitute the bulk of the deposits, 
containing very few scratched stones. There is no gjound-mo- 
raine, or boulder clay containing glaciated pebbles. Silts are 
not uncommon. Eskers and drumlins have not been observed. 
Loess is recognized at several localities, always of aqueous ori- 
gin. Embossed rocks and smoothed surfaces are less conspic- 
uous than in New England, and it is claimed that their ob- 
scurity is due to their great age. Glacial striae are scarce and 
none are found upon the tops of ridges. The scarcity may be 
due in part to the absence of protecting till. 

4. To an American the glacial fans are the most conspic- 
uous and characteristic features of the New Zealand ice work. 
All the rivers proceeding from the existing jglaciers are very 
turbid, and of large volume in the summer seasoin. In this 
respect they strongly contrast with the streams coming from 
highlands without ice, which shrink to small dimensions or 
dry up. The first may be styled snoiu rivers, and the second 
rain rivers. 

5. The opinion prevails at the antipodes that the greatest 
extension of the glaciers occurred in the Pliocene period. • Capt. 
F. W. Hutton in a table of the sedimentar>' formations in New 
Zealand, assigns the older glacial deposits to the older Pliocene* 
at the base of the W'anganui system, whch is the equivalent 
of the Pliocene. He concludes that the "former great extension 
of our glaciers was caused by greater elevation of the land dur- 
ing the interval Ix^twcen Paseora (Miocene] and the marine 
beds of the Wanganui system."* 

Sir James Hector, director c\ the Geological Survey, says 
that the Pliocene was cliaractcrized by the "greatest activity of 
the volcanic forces" : and in the south island *'the great area 
of land above the shore line intensified the erosive action of 
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the glaciers radiating from the mountain centers, and gave rise 
to enormous deposits of gravel, such as compose the greater 
part of the Canterbury plains" etc.* Dr. Haast refers the gla- 
cial deposits to both the upper Pliocene and Pleistocene, t A 
Very natural conclusion may be that the glacial age in New 
Zealand, representing that of the antipodes generally, pre- 
ceded the same period in the northern hemisphere. This will 
help us in formulating glacial theories, since both polar regions 
were glaciated alternately. 

6. The large cursorial birds, or the Moos, of which eigh- 
teen species have been described, seem to have flourished in the 
ice age and the early Pleistocene. From a study of the distri- 
bution of the genera and species it is concluded "that the two 
islands of New Zealand were separated from each other after 
the development of most of the genera, but before the develop- 
ment of the known species, except of course Anomalornis anti- 
quus of the Miocene, and that they have not since been united." 
The older deposits are in the gravels and caves, the latter in 
turbaries. For convenience I add a list of the species, after 
Captain Hutton. A. oweni, Haast ; Dinornis giganteus, Owen ; 
Megalapter>'x tenuipes, Lyd. ; Cela carta, Owen ; D. ingens, 
Owen : Anomalornis gracilis, Owlen ; Euryapterx exilis. Hut- 
ton ; D. struthioides, Owen in part; A. didiformis, Owen; 
Pachyornis, rothschildi, Lyd. ; P. pygmaeus, Owen ; Dinornis 
dromaeoides, Owen ; Palapteryx geranoides, Owen. 

From Trans. New Zealand Institute, 1896. Nearly all these 
species are reproduced in the Canterbury Museum at Christ 
Church. This collection has been built up chiefly by means of 
exchanges of the Dinornis bones with other objects, with Eu- 
ropean and American institutes. Dr. Julius Haast founded the 
museum and Capt. F. W. Hutton is its present director. 



*Catalo|rae of geological exhibits at the Indian and Colonial Exhibition. 
London, 1886. 

fGeolosry of Canterbury and Westland, p. 251. 1879. 
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REEF STRUCTURES IN CLINTON AND NIAGARA 
STRATA OF WESTERN NEW YORK 

By Clifton J. Sarlb, Rochester, N. Y^ 
PLATES XXVII- XXXI. 

At no other point in the United States, excepting^ possibly 
Niagara, the type locahty, is there so fine an opportunity to 
study the Niagara series, as in the lower gorge of the -Genesee, 
at Rochester, N. Y. ; and the display of Clinton strata is un- 
equaled. 

A phenomenon which early drew the writer's attention in 
the study of this exposure, is the occurrence in the Qinton 
upper hmestone of certain irregularly bedded masses wtiich, 
owing to differential weathering, project beyond the general 
ledge face, being apparently parts of irregular lenses. 

In the various exposures of this horizon, for about a mile 
along the Genesee, upwards of forty examples have been ob- 
served, this number being increased by others found in sewer 
tunnelings in the northern quarter of the city. The "west side" 
sewer, made in the winter of 1895-6, afforded seventeen 
masses in a distance of seven or eight hundred feet. The 
workmen engaged in this excavation called them boulders 
because of their shape and superior hardness. The latter 
character probably accounts for their prominence on weath- 
ering surfaces. 

Outside of Rochester I have found them along the Clinton 
outcrop as far as Niagara river on the west and Marble (Sec- 
ond ) creek. Wayne county, on the east, a distance of about 
<>ne hundred and twenty miles. Over one hundred examples 
have been more or less carefullv studied bv the author. Thev 
are absent from extended areas or mav occur isolated, or in 
groups, or so near together as to more or less completely coa- 
lesce. At Niagara gorge and under Lewiston heights, eleven 
exam])les have been observed, but l)ctween this locality and 
Lockport an outcro]) twenty miles in length has afforded but 
fiair. At Gasport in the bed of the creek nearly a score are 
seen. In Monroe county, nearly every outcrop affords one or 
more, often twinning, and at Marble creek they fonn an irrcg- 
lar continuous stratum, extending for several rods along the" 
bed of the stream, though absent from Salmon creek three 



Tarn Awmcur OmoitKnar. Vol. xXVtII. 




ri«. J, AD UDiique grawLn wnicn proDUui* nwi >cm ■■■ liii urprcBBit^u ut ri. i DC iin' 
ETowth, C, 1b made of iiDbiicatiDg domc-ihaiKd tbtllt or Piatnlipora. The obKque aif 
)Ul7 13 f«t long. A— Rochriter shale. B— poTtfoa cblcRr TrlboUU* &na Cc^Yi&Xo^oi^i 
KBBPS IN THE GBNBSBE RAVINE AT ROCHESTEit. 
Above the R. W. & O. R. R. bridge. 



23o The American Geologist. Noyember, 1901. 

larger virgin area open for Alpine tourists. Many of these 
peaks and ice plains await the tread of explorers. Mt. Septon 
is the Matterhorn of the Southern alps, rising from the valley 
to fully as great a hight as does its prototpye frcwn the village 
of Zermatt and at a steeper angle. At the Hermitage there is 
a constant series of avalanches, startling one by their deafening 
roar, and being plainly visible. 

3. There are peculiarities in the various phenomena. Lat- 
eral and terminal moraines constitute the bulk of the deposits, 
containing very few scratched stones. There is no ground-mo- 
raine, or boulder clay containing glaciated pebbles. Silts are 
not uncommon. Eskers and drumlins have not been observed. 
Loess is recognized at several localities, always of aqueous ori- 
gin. Embossed rocks and smoothed surfaces are less conspic- 
uous than in New England, and it is claimed that their ob- 
scurity is due to their great age. Glacial striae are scarce and 
none are found upon the tops of ridges. The scarcity may be 
due in part to the absence of protecting till. 

4. To an American the glacial fans are the most conspic- 
uous and characteristic features of the New Zealand ice work. 
All the rivers proceeding from the existing glaciers are very 
turbid, and of large volume in the summer seasdn. In this 
respect they strongly contrast with the streams coming from 
highlands without ice, which shrink to small dimensions or 
dry up. The first may be styled sno7if rivers, and the second 
rain rivers. 

5. The opinion prevails at the antipodes that the greatest 
extension of the glaciers occurred in the Pliocene period. • Capt. 
F. \Y. Hutton in a table of the sedimentarv formations in New 
Zealand, assigns the older glacial deposits to the older Pliocene* 
at the base of the Wanganui system, whch is the equivalent 
of the Pliocene. He concludes that the "former great extension 
of our glaciers was caused by greater elevation of the land dur- 
ing the interval between Paseora [Miocene] and the marine 
bods of the Wanganui system."* 

Sir James Hector, director <^f the Geological Survey, says 
that the Pliocene was characterized by the "greatest activity of 
the volcanic forces" : and in the south island "the great area 
of land above the slu^re line intensified the erosive action of 
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the glaciers radiating from the mountain centers, and gave rise 
to enormous deposits of gravel, such as compose the greater 
part of the Canterbury plains" etc.* Dr. Haast refers the gla- 
cial deposits to both the upper PHocene and Pleistocene, t A 
Very natural conclusion may be that the glacial age in New 
Zealand, representing that of the antipodes generally, pre- 
ceded the same period in the northern hemisphere. This will 
help us in formulating glacial theories, since both polar regions 
were glaciated alternately. 

6. The large cursorial birds, or the Moos, of which eigh- 
teen species have been described, seem to have flourished in the 
ice age and the early Pleistocene. From a study of the distri- 
bution of the genera and species it is concluded "that the two 
islands of New Zealand were separated fromi each other after 
the development of most of the genera, but before the develop- 
ment of the known species, except of course Anomalomis anti- 
quus of the Miocene, and that they have not since been united." 
The older deposits are in the gravels and caves, the latter in 
turbaries. For convenience I add a list of the species, after 
Captain Hutton. A. oweni, Haast ; Dinornis giganteus, Owen ; 
Megalapter>'x tenuipes, Lyd. ; Cela carta, Owen ; D. ingens, 
Owen; Anomalornis gracilis, Owlen; Euryapterx exilis, Hut- 
ton ; D. struthioides, Owen in j>art ; A. didiformis, Owen ; 
Pachyornis, rothschildi, Lyd. ; P. pygmaeus, Owen ; Dinornis 
dromseoides, Owen ; Palapteryx geranoides, Owen. 

From Trans. New Zealand Institute, 1896. Nearly all these 
species are reproduced in the Canterbury Museum at Chqst 
Church. This collection has been built up chiefly by means of 
exchanges of the Dinornis bones with other objects, with Eu- 
ropean and American institutes. Dr. Julius Haast founded the 
museum and Capt. F. W. Hutton is its present director. 



*Cataloj?ue of geological exhibits at the Indian and Colonial Exhibition, 
London, 1886. 

tGeology of Canterbury and Westland. p. 251. 1879. 
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REEF STRUCTURES IN CLINTON AND NIAGARA 
STRATA OF WESTERN NEW YORK 

By Clifton J. Saklk, Rochester, N. Y. 
TLATKS XXVII- XXXI. 

At no Other point in the Ignited States, excepting^ possibly 
Niagara, the type locality, is there so fine an opportunity to 
study the Niagara series, as in the lower gorge of the -Genesee, 
at Rochester, X. Y. ; and the display of Clinton strata is un- 
eqiialed. 

A phenomenon which early drew the writer's attention in 
the study of this exposure, is the occurrence in the Qinton 
upper limestone of certain irregularly bedded masses which, 
owing to differential weathering, project beyond the general 
ledge face, being apparently parts of irregular lenses. 

In the various exposures of this horizon, for about a mile 
along the Genesee, upwards of forty examples have been ob- 
served, this number being increased by others found in sewer 
tunnelings in the northern quarter of the city. The "west side" 
sewer, made in the winter of 1895-6, afforded seventeen 
masses in a distance of seven or eight hundred feet. The 
workmen engaged in this excavation called them boulders 
because of their shape and superior hardness. The latter 
character probably accounts for their prominence on weath- 
ering surfaces. 

Outside of Rochester I have found them along the Clinton 
outcrop as far as Niagara river on the west and Marble (Sec- 
ond) creek, Wayne county, on the east, a distance of about 
(me hundred and twenty miles. Over one hundred examples 
have been more or less carefully studied by the author. They 
arc absent from extended areas or may occur isolated, or in 
groups, or so near tc^gether as to more or less completely coa- 
lesce. At Niagara gorge and under Lewiston heights, eleven 
examples have been observed, but between this locality and 
Lockport an outcrop twenty miles in length has afforded but 
four. At Gasport in tlie bed of the creek nearly a score are 
seen. Tn Monroe county, nearly every outcrop affords one or 
more, often twinning, and at Marble creek they form an im^- 
lar continuous stratum, extending for several rods along the" 
bed of the stream, though absent from Salmon creek three 
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'miles to the westward. The Clinton masses are limited to the 
upper half of the Clinton upper limestone or projecting into the 
Niagara shale above, but occur at varying horizons within this 
limit ; neighboring masses usually start at about the same base 
level and by far the greater number but a little above the mid- 
plane of the limestone stratum. 

In general these accumulations may be roughly compared 
to greatly thickened lenses. [PI. xxx, Fig. 7.]* However, they 
may be elongated or oblique to the vertical axis. [PI. xxvii, 
Fig 3.] In size they vary considerably. The extremes observed 
range from one to fifteen feet inthickness) and in breadth from 
two to fifty feet, though they may, as cited at Marble creek, 
form an' irregular, continuous stratum. ■ 

The strata above and below the lenses are often so strongly 
bent in conformity to these less-yielding masses as to produce 
an arching or doming of the overlying Rochester shale and a 
sagging or basin-like depression which extends into the Clinton 
upper' shale beneath. This deformation, taken with the rough 
and irregular structure, gives them the semblance of inclu- 
sions. More careful inspection, however, shows the limestone 
strata on either side continue a^j a rule into the mass [PI. 
xxvii, Fig. i], where they may double in thickness and the 
bedding becomes lost in the obscure structure. Shale partings 
thin out as they reach the lens or encroach but a little distance 
upon it, [PI. xxvii, Fig i.] with only r(a^ex;ception appearing 
tc extend through, dividing the mass, into tipper and lower 
portions. Beds running into the upper portion 'are traced with 
Upper flexure, those into the lower portion with a downward. 

From these facts it would appear*that the letises were pro- 
duced by local thickening of the successive limestone layers in 
the process of their deposition: Hence it is to be inferred that 
their construction was not rapid, but in some instances con- 
tinued through the time when the latter half of the limestone 
was accumulating, and possibly during the beginning of the 
Rochester shale. 

At Rochester this horizon, being a plane of subterranean 
drainage, has suffered considerable mineralization and dissolu- 
tion. This is shown by numerous small cavities spanned by 
• — - f ■ — ■ • ■ 

*^The photographs reproduced as plates 27-30 were taken by Ms. Gbokgb^ 
W. Kbli^oog, of Rochester, several of them under difficulties. The wxiter is- 
greatlj indebted to Mr. Kellogg's photographic skill and intellisent interest. 
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needles of celestite, and the abundance of small spherules of 
marcasite. In the lenses themselves cavities filled with gypsum 
in four or five pound masses are common. At Niagara several 
of these cores have been found weighing from ten to fifteen 
pounds. [PI. xxix, Fig. 6.] 

The rock is apparently a structureless, exceedingly com- 
pact, dolomitic limestone, breaking with an imperfect con- 
choidal fracture. In color grayish blue, it weathers, like the in- 
cluding beds, to a light brown or yellowish hue. 

Only by weathering is the true character of these masses 
clearly brought out, and a satisfactory explanation of their 
origin made possible. Then they prove to be mainly composed 
of a remarkable development of fistuliporid and other bryozoan 
forms, and to contain unusual accumulations of cephalopods, 
trilobites and brachiopods. Many of the species are rare or 
imknown in the surrounding limestone. 

The lenses of Rochester alone have yielded, exclusive of the 
Bryozoa, which will probably add very materially to the num- 
ber, sixty-eight genera, ninety-nine species and two varieties, 
disposed as follows : 

Class. Genera. Species. Variety. 

Sponges 2 2 

Corals 3 6 

Crinoids 4 4 

Cyttids 1 1 

Tubicolons Aimctide 2 2 

Brachiopods 29 36 

Pelccypods 5 9 

Gattcropods 5 7 

Cepbalopod» 3 8 

Oitracodes 1 1 

Trilobites 9 10 2 

Total 68 99 2 

PREVIOUS OBSERVATIONS. 

This phenomenon was observed by Dr. Eugene N. S. Ring- 
iieberg,* in Orleans and Niagara counties in the vicinity of 
Lockport and Gasport. He found them in restricted areas and 
of extremely variable thickness, appearing to be limited to the 
capping plane of the Clinton upper limestone. In view of the 
irregular and undulating appearance of the upper surface an d 

*The Bvolation of Forms from the Clinton to the Niagara Grcmp." Am. 
Nat., September, 1882, p. 711. 



Clinton and Niagara Strata, — Sarle, 285 

the position of many oi the fossils, he considered these bodies 
accumulations pi organisms swept together by eddies and cur- 
rents charged with the fine sedimentary matter in which we 
now find them. Dr. Ringueberg listed forty-eight species. 

Prof. J. M. Clark under the announcement "Faunal Col- 
onies in the Clinton beds,"* mentions the occurrence of these 
bodies in western New York through Orleans and Niagara 
counties. He describes them as lenticular masses of limestone 
ten to thirty feet in diameter and entirely disconnected, those 
in one plane lying imbedded in the midst of the Clinton lime- 
stone, though of wholly different texture and composition 
therefrom ; in another, lying in the shale above the limestoAe 
and displacing or being surrounded by the lower shaly beds of 
the Niagara group (Rochester shales). 

Amadeus W. Grabau, in his "Paleontology and Geology of 
Niagara Falls and Vicinity," f under the heading "Limestone 
Lenses of the Clinton" says : "At intervals in the upper Clin- 
ton limestone may be seen large lenticular masses of ccwnpact, 
hard, apparently structureless limestone, often concretionary 
and not infrequently showing numerous smooth and striated 
surfaces of the type known as 'slickensides' and which are in- 
dicative of shearing movements." 

He mentions the lenses in the Rome, Watertown and Og- 
densburg railway cut under Lewiston heights, as entirely im- 
bedded in the limestone from which they are differentiated by 
their structureless character. He also notes the mass seen in 
the New York Central railway cut on the side of the gorge 
near the third watchman's hut (see Fig. 6.) as lying between 
the u|>per limestone and the overlying shale, partially im- 
bedded in both. He finds those rnder Lewiston bights rich in 
orthoceratites and shields of trilobites ; and those of the gorge 
yielding chiefly brachiopods. From these lenses he lists 
twenty-eight species. Dr. Grabau observes that the origin of 
these lenses is still obscure. 

THEORIES OF ORIGIN OF THE LENSES. 

By Mechanical Agency: The presence of currents which 
would enmass such quantities of organic material in compar- 
atively small spaces should have left other conspicuous struct- 

* Report of the State Paleontologist for 1899 (pnb. 1900). 

fButtetia, N. Y. State Muaeam, No. 45, vol. ix, April, 1901, pp. 99-102. 
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ural features, thbse observed being wholly disproportionate 
to the magnitude of the result. 

The appearance of barren shale partings, going east from 
Niagara county, is evidence that the limestone making phase^ 
dominant during the formation of these lenses, was interrupted 
by the incursion, from time to time, of mud-bearing currents 
from the shores of the eastern interior sea which lay to the 
north and east. Disarticulated brachiopods and dismembered, 
partially triturated, crinoidal remains, of which the including- 
layers are composed, and occasional Overturned Favosites 
found upon some of the surrounding lim^tone surfaces are 
regarded as other indications of currents. But the uniform 
thickness throughout different parts of the layers and their per- 
sistency, indicate that these currents were weak. Further, the 
remains of Bryozoa and other organic matter comprising these 
masses, often bulky of form, if enmassed by the impelling force 
of moving water would require strong currents or even wave 
action. But the absence of water-worn and broken shells with- 
in these masses, and of cross bedding and current channelings 
in the surrounding limestone is significant. This is strikingly 
illustrated by the beehive-shaped mass at Niagara gorge above 
the whirlpool. [PI. xxvii. Figs. 5 and 6.] This heap of 
organic remains rises steep-sided eight or nihe feet above the 
surrounding limestone surface, and nowhere either in or about 
the mass are the above conditions indicated. . • • 

The fine preservation of much of the prganic material 
seems to point to its comparatively undisturbed condition 
after death; and the great number of rare forms, some 
not found outside of these masses, can hardly be credited 
to the sorting or selective power of currents or eddies. 

There appears no reason to doubt that these masses were to 
some extent influenced by currents, but that any of them owe 
their origin wholly to this agent is improbable. The gentle 
movements of the water are regarded as only a modifying in- 
fluence to some more important agent. 

By Organic Gronih : The explanation of origin is found in 
the bryozoan matter. The axes in all cases are large iiiasses of 
fi^tuliporids. These organisms are €ilwaJN's in pfc>sitioh of 
growth, and practically do not occur outside of the* lenses. 
That their position is normal is determined- by- examining, their 
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surfaces, and it is furthisr proved by the great size of the con- 
centric miasses found in these lenses. This life once estab- 
lished, the growth keq)ing pace with or in adyajice of the 
slowly accumulating marl sediment, would through a long per- 
iod of time produce essentially this phenomenon. That no 
other element is necessary is proved by masses bearing scarcely 
a trace of any other organism, 

Great detached cores of this material often suggest, from 
their formal resemblance, great heaps of poorly mixed dough. 
Some growths with a fine sedimentary coating filling the pores, 
have the appearance of concretions, an impression which is 
hightened by the structureless character, usually revealed up- 
on fracture. Concretions appear, however, to be entirely lack- 
ing in these lenses. 

The indications are that these masses were not formed by 
the growth of any one colony but that the surfaces were con- 
stantly receiving accessions of new colonies springing up and 
spreading over the old detritus-laden surfaces, some of these 
frequently attaining considerable size. It appears from macro- 
scopic examination of these surfaces, that two or three species 
of Fistulipora are represented, though but one is important as 
builder of these masses. The framework and bulk of all these 
lenses is seen to be brvozoan. 

The irregularities of structure and outline observable in 
those masses is mainly the result of the influence of mechanical 
forces upon the bryozoan growth. Most important of these 
influences was the silt deposited during the muddy-water 
phases, indicated by the shale partings in the eastern portion 
of this area. The prominence of some of these masses un- 
doubtedly enabled the currents to keep them partially free from 
silt, probably facilitated in no small degree by the life functions 
and activities of these living surfaces. Thus where the life 
was vigorous and considerably in advance of the floor deposit 
the sedimentation is seen to have had little effect. This is 
shown where shale layers perhaps three or four inches in thick- 
ness encroach but a little way or end abruptly at the side of a 
fistuliporid growth. [See left side of Fig. i, PI. xxvii.] Any 
loss of territory in this case appears usually to have been 
quickly made good by the more vigorous growth set up with 
the returning clear water conditions. Where the growth was 
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weak and but little above the level of sedimentation, the silts 
are seen to have encroached from all sides and to have filled 
the depressions in the irregular surface [PI. xxvii. Fig. 2], 
some times nearly or quite covering the mass. Usually these 
encroachments are one-sided, depending upon the configuration 
of the mass and possibly upon the direction from which the 
currents came. In such cases the surviving life, starting up 
afresh, is seen to have formed a new growth often quite dis- 
tinctly defined and resting well over upon one flank of the 
parent mass. In many cases this was repeated several times, 
though not always so conspicuosly, the surviving life each time 
lying in a little different quarter. The limestone layers extend- 
ing in upon these thin shale partings to the new life centers, 
are often flexed and thinned before being augmented by the 
local growth. [PI. xxvii. Fig. 2.] Silt patches usually pro- 
duce an imperfect layering within the lenses and sometimes 
recurring several times in the same vertical line, produce a 
bedding corresponding roughly with the planes of sedimenta- 
tion without. Figure i, plate xxvii, is of a mass which ap- 
pears to be made up of two nearly independent growths of 
fistuliporids, with slightly diverging axes. The imperfect lay- 
ering in the space between the two halves, was maintained by 
silt pocketing. 

In some instances life may have been completely smothered 
out and the elevation remaining became later the site for new 
fistuliporid colonies. This is difficult to determine, owing to 
some part of the mass always being broken away or remaining 
imbedded. Of two neighborini^ masses, on the Genesee, the 
growth of one is seen to have stopped at a certain silt plane, 
while the other is divided by it into distinct upper and lower 
portions. It is the impression however that there must have 
been some life connection between the two growths. 

Another mass at the same locality had somewhat the shape 
of an hour-glass. The narrow neck of lens rock which connect- 
ed these two parts or lenses, probably represented the thread of 
life sur\^iving the silt girdling. This life at last regaining vigor 
and extent was finally smothered out by another and heavier 
blanket of fine mud, indicated by the shale which covers its 
summit. 
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The presence of silt, where not sufficient to smother the 
growing surface, seems in some cases to have caused the try- 
Qzoan growth to enrcril and knot in an unusual de^ee. 

The gnowth af new colonies upon these surfaces, the silt 
enccoachmonils and. coiisequent shiftings of growth and concur- 
rent irr^^lar bedding, all combined to produce some very 
comfdex structures. But the life of these masses passing 
roughly through a maximum to a decline, the resulting form 
is nevertheless always sub-lenticular. 

Currents evidently played an important part in the disposal 
of the lighter material growing upon and about these sites. 
This is proved by the contents of the rim-like thickenings 
sometimes observed, where a limestone tier abuts a fistuliporid 
growth, which was in advance of the plane of sedimentation. 
The thickening (A) on the lefc side of the well-defined fistu- 
liporid head [PI. xxvii, Fig. 2.] is made up of fragments 
of delicate funnel-form and dendritic bryozoans, disarticulated 
brachiopods and crinoidal fragments. The bryozoan material 
growing less and finer a few feet out from the mass, and its 
abundance upon these sites, indicate its source. The crinoidal 
rubble being more abundant farther out upon the slope, sug- 
gests that this material was drifted from outside. Crinoids 
evidently grew very abundantly over the level floor, their re- 
mains contributing more than anything else to the formation 
of the including strata. A remarkable thickening, made up 
mainly of crinoidal fragments, is seen on the eastern side of a 
mass east of the station at Lewiston bights. Currents ap- 
proaching or leaving these masses appear in either case to have 
added to these marginal deposits. Some of the rock formed 
from the light, portable material collected in this way suggests 
Coquina limestone after the fine filling is weathered out. 

An interesting problem is presented by two masses on the 
Genesee which stand so near together that their inner margins 
are scarcely five feet apart. One, six feet in diameter, is com- 
posed almost wholly of fistuliporid material with scarcely a 
trace of crinoids ; the other, twenty-five feet in diameter, and 
starting at the same level, is made up in the peripheral portion 
almost exclusively of crinoidal debris. This suggests that the 
latter had a fringing colony of crinoids. 
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Where sedimentaticm was nearly apace with the bryozoan 
grcJwth, the fistulipora, by repeated extensions over the f rag- 
mental matter collecting upon its margins, often formed an in- 
terweaving so complete that the passage from the mechanical 
deposits to those of life-growth is difficult to determine 

In the masses where the lighter material was^ particularly 
abundant, a slight shifting has resulted in an imperfect layer- 
ing, anjd sometimes encumbering the surface which itiust have 
interfered nearly as seriously , with the fistuliporid growth as 
did the silt. 

From the small size of these masses and the manner in 
which the lighter material is disposed about them it is seen 
that they could not have, been an. important source for the sup- 
plies of organic matter which compose the including limestone 
strata. 

Though many forms of life appear to be especially associ- 
ated with the peculiar conditions found upon these sites, yet 
many others found here are cosmopolitans. The level floors 
were evidently richly covered with life, though not comparing 
with the luxuriance of these tumuli and their immediate neigh- 
borhood. Some forms seem to have preferred the level 
stretches just as others preferred the fistuliporid sites. It is 
probable however that with favorable conditions for preserva- 
tion the level floor would be found to include them all ; as pri- 
marily it must have been the source. More extensive collec- 
tions will do much to clear this point. When we compare the 
contents of diflFerent layers of a stratum which vary consid- 
erably among themselves in their assemblag^e of forms with the 
contents of the lens-rock proper we find that the principal form 
or forms of a given layer are oftentimes not shared by the 
lenses at or above that particular level. For example in Roch- 
ester a ten-inch layer, the thickest in the upper six feet of this 
linDcstone, abounds in IVhitfieidella naviformis. This layer 
abuts, and in many cases fuses with, lenses, yet rarely is this 
brachiopod found in them. 

Weathering brings out the org^anic features thoug^h slowly 
and superficially. A lens partially blasted away in 1885, ^^ ^^^ 
extension of a sewer down to the water level of the Genesee, 
has weathered so far as to show how completely the niass is 
made up of Fistulipora, but under a blow of the hammer, the 
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rock splinters reveal a structureless bluish gray surf acej with 
no trace of organic contents. 

- The lenses at Niagara and vicinity generally exhibit a more 
uniform aspect than those in the eastern portion of the area, 
<iue to the smaller percentages of silts, the upper ten feet at that 
locality forming a solid bench. [PI. xxviii. Fig. 4,] 

Owing to the well defined bedding planes in the limestone 
at Rochester, [PI. xxvii, Pigs, i and 2.] these features may 
all be studied there to particular advantage, affording an un- 
■equaled opportunity for comparisons. It is possible tp trace 
any of the shale, partings from one neighboring mass to an- 
other, thus enabling one to see its relation to severial of these 
growths, or to examine several limestone floors in their vicinity 
in the same way. 

While these masses were similarly affected by general con- 
•ditions yet in each we find many features that are specific; 
showing that each lens had a history differing from that of 
-every other. 

ASSOCIATED LIFE. 

Attached Forms: — The associated life usually found upon 
these fistuKporid masses shows them to have been mainly cen- 
ters for other attached forms. This is probably due to the fact 
that the free larva of the smaller and more delicate bryozoans, 
and of brachiopods in particular, required some firm base for 
attachment. Freely distributed in the sea, they settled every- 
where, but lived in greater numbers upon these hard surfaces, 
there finding this prime essential to their existence. One of 
the best examples of this is found in Niagara gorge on the 

New York Central and Lewiston railroad, at the third watch- 
man's hut. [PI. xxix. Fig. 6.]. This mass is thirty feet 

long and ten feet high. Brachiopcds probably make as 

high as thirty per cent, of the contents. In some 

t)arts their shells are so abundant as apparently to 

"have nearly smothered out the bryozoan nucleus. In 

the mass proper the brachiopods are entire and appear to have 

l)een largely covered by the bryozoan growth, thus preserving 

the valves intact. Some of these are evidently in position of 

growth. 

Other Forms: — Thus inhabited these sites . attracted other 

iorms which in turn drew others, until they became rich feed- 
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ing grounds, teeming with life. The favorable condhioos are 
shown by the large size of the trilobites, Calymenc and Cerau* 
rus. The head shields of the latter often indicate individuals 
five or six inches long. In these facts we find an explanation 
for the occurrence in these lenticular thickenings of communi- 
ties of brachiopods, for the aggregates of cephalopod shells, 
for the great numbers of trilobite moultings, and for the 
abundance of many otherwise rare forms. 

The manner of occurrence of the trilobites is striking. 
Their exuviae are commonly found in gfroups or pockets, some- 
times of one species, but more often of two or three. They may 
appear to be entirely absent from some masses, or to occur in 
two or three parts, or at distinct levels in the same mass. The 
head and tail shields of Illaenus are almost invariably inverted 
and generally packed together, one inside the other, like broken 
egg-shells. These cachements may represent the action of 
light currents in shifting the tests into depressions in the irreg- 
ular surface. But the position of some of these moultings sug- 
gests that they were left in crannies and silt-lined depressions 
which were inhabited by trilobites, attracted to these growths 
by the food supply. Outside of the lenses trilobites are rare. 

Cephalopods are not unusual in the surrounding limestone 
but in the lenses they occur grouped like the trilobites. They 
are commonest in those masses in which the trilobites are 
found, and the two forms are frequently commingled. All 
forms, especially brachic^xxls, lived in communities upon these 
sites; WhitHcldella nitida often occiarring by the hundreds. 

It thus appears that the comparative richness of these sites 
is due ( I ) to the conditions attractive to all forms of life, grow- 
ing out of the advantages the areas afforded to attached forms ; 
(2) to the anchorage and shelter furnished after death by 
the brjozoan framework; (3) to the gfroupings of certain, 
sometimes conspicuous forms, an outcome of their colonial 
habits ; and (4) to the partial exclusion of silt, the fine material 
found in these sites being partially formed by decay and gentle 
trituration of delicate organisms. 

This wealth of material and its fine preservation is valuable 
to the collector, for in these lenses, where well weathered, more 
material illustrative of the fauna of this clear limestone-form 
ing sea may be found in a much shorter time, than can be ob- 
tained in the including beds. 
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' Thus these colonies of Fistulipora with the associated life 
drawn about them by the very favorable conditions affording 
attachment, food and shelter, are seen to have formed low, ir- 
regular, dome-shaped prominences, upon the broad, level, 
floor of a shallow sea. They are not known to have ever 
reached an elevation exceeding ten feet, the approximate hight 
of the largest yet kno\vn. A mass about oiie- fourth of a mile 
above thaj at the third watchman'-s hut, was estimated to be 
fifteen by fifty feet. 

Their distribution we have seen was irregular, sometimes 
isolated, of tener in groups covering considerable areas, or, as in 
one knowTi instance, coalescing to form an extended layer. 

In this ancient coral-maker* (for professor Agassiz consid- 
ers the bryozoan animal such) and the rich concourse of asso- 
ciates indicated, we find life conditions according so well with, 
thos^ observable in the modern reef or coral-field, as described 
by Darwin, Dana, Agassiz and. Kent, that no hesitation is felt 
in pronouncing these to be ancient coral reefs. While haying 
many of the features common to such' structunes in genersj, 
these little reefs present a mofe striking analogy to a peculiar 
kind described ajs follows by professor Charles F. Harttif **So^ 
far I have only spokeai. of fringing reefs, but there are other 
coral structure of greater interest in these waters. Corals grow 
over the bottom in small patches in the open sea, and, without, 
spreading much, often rise to the hight of forty to fifty feet cm* 
more, like towers, and sometimes attain the level of low water^. 
forming what are called on the Brazilian coast *chapeiroes', 
(signifying, big hats). At the top these are usually very ir- 
regular, and sometimes spread like mushrooms, on as the fish- 
ermen- say, like umbrellas. Some' of these chapeiroes are only 
a few feet in diameter. A few miles to the eastward of the- 
AbrolhOs is art area, with a length of nine to ten and in some 
places a breadth of four miles, over which these structures grow 
very abundantly, forming the well-known Parcel dos Abrolhos. 
on which so many vessels have been wrecked." Professor Hartt 
in describing a visit to the northwestern part of this rieef, men- 
tions, among other facts : 'The chapeiroes, as a general thing, 

are rarely ever laid bare by the tide." "They are here, as else- 

' I . 

t^^^V^^ ** much difference of opinibn regarding the position of these fistnlip. 
"^ ♦i^.o?/^*'^7i°*'"?l»^<J to consider them coraTs. 

iGeoIosry of Brazil, 1870. pp. 199-200 ; also p. 191. 
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where, of all hights and dimensions." * * * "They do 
not coalesce here as elsewhere, to form large irefe as they -do 10 
the west of the islands." 

Professor James D. Dana says of their structure: "The 
rock of these submerged coral-heads is but a loose ag^egation 
of coral in the position of growth, except possibly, in their low- 
er portion, where the open spaces may be filled with sand and 
fragments cemented together." 

SIMILAR OCCURRENCES IN OTHER GEOLOGIC HORIZONS. 

Lockport (Niagara) Limestone: — At Niagara gorge, about 
one-half mile above (south of) the suspension bridge and one 
hundred yards north of where the Gorge railway reaches the 
open face of the ledge beside the track, and at a level twenty or 
twenty-five feet above the base of the Lockport limestone, is a 
reef [PI. xxx. Fig. 8] one hundred ten feet in length and ex- 
posed to the hight of twelve feet. It lies in a thin-layered strat- 
um of limestone separating two massive benches. The irregu- 
lar structure of the reef is in contrast to the thin-layered lime- 
stone, while the upper massive bench is arched over it. The 
reef rock is a compact bluish dolomite, weathering to a yellow- 
ish hue. Bryozoans are abundant, often in masses of consider- 
able size; but owing to the comparatively recent date of the 
railway cutting weathering has done little to bring out other 
organic contents. It is probable that this mass originated in 
the same maimer as those of the Clinton upper limestone. 
Other reef masses are conspicuous at this level along the 
gorge. One seen just north of the eastern end of the cantilever 
bridge is two or three hundred feet long. 

Seventeen miles eastward along the Niagara escarpment 
and three miles west of Lockport, in a road-cutting, three well 
weathered masses are exposed at the same level. [PI. xxxi. 
Fig. 9] . The first thing that arrests the eye is the loose struc- 
ture of these masses, strongly contrasted with the firm beds of 
inclusion. This, coupled with the remarkable assemblage of 
Niagara forms of bryozoans, corals, crinoids, brachiopods and 
other types, in a better state of preservation than the organic 
materials comprising the limestone of enclosure, favors the con- 
clusion stated, that here we have another example of reefs. 

*Coral and Coral islands, 1872, p. 142. 




Clinton and Niagara Strata. — Sarle. 297 

Dr. Ringueberg recently directed the writer's attention to a 
field in the western outskirts of Lockport in which a dozen or 
more small patches of rock project through the soil, in low, 
dome-like prominences [PI. xxxi, Fig. 10] ; and expressed the 
opinion that they are of the same nature as the masses of the 
Clinton. A visit to the locality corroborated this opinion. At 
one side of a quarry in this lot, the uneven character and the 
thickening of the beds abutting a mass, may be seen. The crest 
of the reef itself appears a little farther back. Its form evident- 
ly is ridge-like. Its position may be traced for eighty-eight 
paces by an overlying crest of upturned rock edges passing 
into a ridge of soil, fading out with the increasing depth of the 
drift. Another reef has been blasted tluxxigh in forming a 
roadway from this quarry. 

Five other examples, left completely isolated by the removal 
of rock, were found in a neighboring quarry. One of these has 
been partially destroyed, leaving only the basal portion; two 
stand in relief upon basin-shaped pedestals of limestone 
[PI. xxxi. Fig. 11] ; one, ridge-like and extending in the same 
direction as the mass of similar shape described above, has 
been traced thirty-one paces to its disappearance under the em- 
bankment of the Falls Branch of the New York Central rail- 
road ; one fuses into the quarry floor, which slopes gently from 
it, a ridge-like rounding of this limestone surface on one 
side, forming a continuation of the long axis of the reef. 
This surface shows the configuration of the old sea floor in the 
vicinity of the reef. The hard, compact structure of this 
floor is in marked contrast to the loose shaly nature of the 
weathered reef rock. Another quarry in the vicinity has afford- 
ed five more. The electric road from Tonawanda to Lockport 
cuts through this level, exposing two reefs. 

Some of the reefs observed must start almost upon the im- 
pure concretionary base of the Lockport limestone, others fif- 
teen to twenty feet higher. The largest is that at Niagura 
gorge, at the cantilever bridge. 

This horizon includes the encrinal band and perhaps the 
lowef portion of the Coralline limestone described by Hall. 
They may extend still higher, for professor Hall* describes a 
mass and accompanying arching of the strata, as occurring 

•Geol. Mh District, N. F., p. 92. 
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two miles south of Lockport on the Erie canal: .His explana- 
tion was that the mass was- the result of mineralization.' The 
encrinal band may be traced into western* Monroe county 
before its characteristic3 entirely fkde. No search for reefs 
has been made in this quarter as yet, and the cursory examina- 
tion given the outcrops between here and Niagara gotge has 
failed to reveal others. 

Two ol the masses west of Lockport haVe been .known to 
the writer several years, but their nature was. not clear until 
they were observed at Niagara gorge in connection with the 
reef structures of the Clinton. 

Bryozoans form the main constructional element of these 
old reefs. One of them exposed in the quarry on the eastern 
bank of the Niagara, a short distance south of the third watch- 
man's hut, is forty-fivo feet long and nearly a solid mass of 
fistuliporids. CrincMds are nearly or quite as important in some 
cases as the Bryozoa. The favositc and heliplite corals are 
sometimes important builders. 

The peculiar groupings of special forms are as marked a 
feature lierc as in the reefs of the Clinton. Some of them are 
remarkable for their general assemblages, but in most cases at 
various stages in the growiih, or at various points upon these 
masses and occasionally throughout their entire formation, cer- 
tain forms predominate or occur in unusual numbers. Some- 
times they are corals, delicate branching bryozoans, trilobites 
or ceplialopods. 

It is noticeable that a number of species, mainly brachio- 
pods and trilobites, common in the Clinton reefs, nearly one 
hundred feet lower, are found here. .... 

These masses in the Lockport limestone of western New 
York find their counterpart in lithological cliarajCter, fossil con- 
tents and stratigraphic position, in the reefs described by Dr. 
Chamberlin* in the Waukesha and Racine beds of the Wiscon- 
sin Niagara. These structures were found to form a barrier 
reef sixty miles in length. From them two hundred species 
have been obtained. 

Dr. C'hamberlin calls attention to a feature which we have 
already noted in the reefs of New York. viz. a tendency of tlie 
life of the period to collect in groups of special forms, which 

•Geol. of Wis., vol. i, 1873-1879, pp. 183-18(1; and Gcol. of Wit,, ro\ li 

(1S73-1S77), pp. 309-71. ' * 
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the several provinces of the Carboniferous are, as yet, no- 
where carefully determined. Separating the exposed areas 
are broad stretches of country in which practically none of 
tl»e younger Paieozoics are represented in outcrop. Another 
consideration is the fact that the forma^ional units established 
in the various districts, have been largely local in nature 
and tentative. They are now known to possess widely dif- 
ferent taxononiic values, hence permitting only very vague 
strati graphical correlations to be carried on. A third feature 
is one which has been thought by many workers to render all 
attempts at paralleling liorizons useless, and is the diversity 
of origins which tlie sediments present. The marine nature 
of the deposits in one province, as in the Rocky Mountain 
region for example, and the general presence of littoral con- 
ditions at the time the formations were laid down in other 
regions, as in the Appalachians, would seem to almost pre- 
clude comparison. 

In the Mississippi valley, however, there are all of the 
several kinds of conditions of sedimentation well represented. 
The marine deposits alternate with off-shore and coastal sed- 
iments. Not only do the different kinds of formations alter- 
nate, but many extensions of those from the west interlock 
with those from the cast. During several distinct epochs the 
sea encroached uixtn the domains of the coastal deposits. At 
other times the coarse land-derived materials were carried 
far out into areas where more open-sea conditions had previ- 
ously prevailed. In the general vertical section of the Mis- 
sissippi valley, or more spedficallv tlial of the Ozark regioa, 
where is perhaps the best representation of strata, is believed 
to exist a record that in all respects sufficiently approaches 
both that of the East and that of the West, to enable it to be 
mlade useful in the exact cbrrelation of the serial relations of 
the Carboniferous of the whole country. The relations of 
succession of formations is such that from it, it appears possi- 
ble to construct the schematic section of the Carbonil 
for the entire American continent. 

The chief merit of the general Ozark section erf __ 
bomiferous as a standard of reference is its excedtt" 
pleteness. No other section of the Carboniferoujf^^* 
American continent possesses such an f^-^"**- ■ - 
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reaches its most striking d-evelopment among these reef forms. 
This he speaks of as "Colonial Tendencies." f 

Dr. Robert Bell J has described great cavernous masses of 
limestone occurring in thin bedded, nearly barren limestone of 
Devonian age, on the Attawapishkat river, Canada. They are 
made up of a few species of fossils including corals. These 
from their form and contents suggest our reefs of the Clinton 
and Niagara. 

Dr. G. K. Gilbert and F. P. Gulliver§ describe the cores of 
the Tepee Buttes of Colorado, as hard squamous masses of 
limestone of elongate cylindrical form, resting in the soft shales 
of the Fort Pierre Cretaceous. The authors are inclined to re- 
gard them as formed by colonies of Lucina occidentalis-ventri- 
cosa, of whose remains they are mainly composed. From their 
having so many features in common with the masses described 
by Dr. Bell, they regard their close relationship unquestionable. 



A SCHEMATIC STANDARD FOR THE AMERICAN 

CARBONIFEROUS. 

By Chablbs R. Kbybs, Des Moines, Iowa. 

In the attempts to parallel, in America, the various sub- 
divisions of the Carboniferous, there has alwavs been more or 
less difficulty in securing results that are even approximately 
satis facto^)^ The sections of the East, of the Interior, and 
of the West, appear at first glance to have no comparable ele- 
ments. In consequence, tlie eastern, or Pennsylvania, suc- 
cession, having been the first to be carefully studied, has come 
to be regarded as the section to which all others of the con- 
tinent must be eventuallv referred. As for the rest of the 
continent, little consideration is given it so far as concerns 
any serious effort to establish general sections with which all 
others in each proJvince might be compared, and whidh in its 
serial subdivisions, at least, could be arranged with reference 
to a schematic section. 

One main reason for this rather anomalous state of the 
subject is, of course, the fact that the boundaries between 

t/5/t/, pp. 184-196, 

tGeol. and Nat. Hist. Survey of Canada, Ann. Rept , vol. ii, (1886), pp. 
27G, 28G. 

SBu//. GeoU Soc. Am., vol. vl, pp. 333-342, part 17. 
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the several provinces of the Carboniferous are, as yet, no- 
where carefully determined. Separating the exposed areas 
are broad stretches of country in which practically none of 
the younger Paleozoics are represented in outdrop. Another 
consideration is the fact that the formational units established 
in the various districts, have been largely local in nature 
and tentative. They are now known to possess widely dif- 
ferent taxonomic values, hence permitting only very vag^e 
stratigjaphical correlations to be carried on. A third feature 
is one which has been thought by many workers to render all 
attempts at paralleling horizons useless, and is the diversity 
of origins which the sediments present. The marine nature 
of the deposits in one province, as in the Rocky Mountain 
region for example, and the general presence of littoral con- 
ditions at the time the formations were laid down in other 
regions, as in the Appalachians, would seem to almost pre- 
clude comparison. 

In the Mississippi valley, however, there are all of the 
several kinds of conditions of sedimentation well represented, 
The marine deposits alternate with off-shore and coastal sed- 
iments. Not only do the different kinds of formations alter- 
nate, but many extensions of those from the west interlock 
with those from the east. During several distinct epochs the 
sea encroached upon the domains of the coastal deposits. At 
other times the coarse land-derived materials were carried 
far out into areas where more open-sea conditions had previ- 
ously prevailed. In the general vertical section of the Mis- 
sissippi valley, or more spedficallv that of the Ozark region, 
where is perhaps the best representation of strata, is believed 
to exist a record that in all respects sufficiently approaches 
both that of the East and that of the West, to enable it to be 
mfeide useful in the exact correlation of the serial relations of 
the Carboniferous of the whole country. The relations of this 
succession of formations is such tliat from it, it appears possi- 
ble to construct the schematic section of the Carboniferous 
for the entire American continent. 

The chief merit of the general Ozark section of the Car- 
boniferous as a standard of reference is its exceotional com- 
pleteness. No otlier section of the Carboniferous rocks on the 
American continent possesses j-uch an enormous thickness. 
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The series of the system appears to be more sharply defined 
than anywhere else. Few sections have the base so abruptly 
cut off from the Devonian below. At the top the Cretaceous 
tStrata often rest upon it in marked unconformity. 

Instead of trying to make the Mississippi valley section 
fit that of Pennsylvania, as heretofore has always been done, 
effort would be far more fruitful of satisfactory results by 
bringing the rock succession of the latter into accord with the 
former. In place of attem|pting to extend the Mississippi 
sequence to the region of the Rcckies, the formations of the 
latter should be apposed to those of the first mentioned. In 
other words, a direct and complete reversal of present 
methods of comparative procedure is recommended as the 
first step in the solution of the intridate problems of correla- 
tion presented. 

Th€ critical criteria for bringing the general sections of the 
various provinces into harmony with a general schematic sec- 
tion for the continent must be very different from those which 
have been liong in use. The fossils have not only failed to give 
exact results, but it is now known that in many cases their 
several elements actually admit oi no logical camparisons. 
The comlparisons of the floras have been more satisfactory, 
so far as they have gone, but they have been necessarily lim- 
ited; and as yet there have been no means of chedking these 
readings. 

A review of the work of the last fifty years clearly dem- 
onstrates that in "correlating strata, the testimony of the fossils 
does not give the results expected of them. For exact cor- 
relation, we must turn to other standards. In the physical his- 
tory of a region the most hopeful outlook is presented. 

In comparing faunas which are marine in one province or 
region, brackish in another, littoral elsewhere, there are few 
or no common factors that can be readily utilized. In order 
that the real significance of the varying features may be un- 
derstood, the fossils demand vastly more study than can or- 
dinarily be given them in a short time. The sought for infor- 
mation is therefore usually obtained from other sources long 
before the fossils are able to yield it up. The miethods of 
physical correlation of strata have now become so advanced 
that the results are highly satisfactory and exact to a remark- 
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able degree, even between rock successions of different 
provinces. Even the principle of orotaxial correlation* is 
found to be so nicely applicablef tnat its wider extension must 
be productive of results wholly unlooked for. 

A general section of the Carboniferous of the Mississippi 
valley is as follows: 

General Geological Section of the Carboniferous of the 

Mississippi Valley. 





SERIES. 


TERRA NES. 


THICKNESS FT. 




Cimarron 


Kiger shales 
Salt Fork shales 


250 
500 






Wellington shales 


200 




Oklalioman 


Marion limestones 
Chase limestones 


2CO 






Neosho shales 


150 






Cottonwood limestone 


10 




$ 


Atchison shales 


500 


• 




Forbes limestones 


30 






Platte shales 


150 


H 

'SI 




Plattsmouth limestones 


30 


> 

r ^\ 


Missourian 


Lawrence shales 


300 






Stanton limestones 


35 




Parkville shales 


TOO 


O 




Tola limestones 


50 


\A 




Thayer shales 


75 


1—14 

o 




Bethany limestones 


100 




Marais des Cygnes shales * 


250 


0^ 


Pes Moiucs 


Henrietta limestones 


75 


< 




Cherokee shales 


300 






Sebastian 


1800 






Spadrn 


500 






Norristown 


400 




Arkansan 


Boonvillc 


2500 






Appleton 


1300 






Danville 


2000 






Millstone grit 


500 






Kaskaskia 


200 




Mississippian 


St. Louis 
Augusta 


300 
250* 






Chouteau 


100 



*Amrrican Gbolooist. vol. xvii, 1896. pp. 289-302. 
iBull. Geol. Soc, America, vol. xii, 1901, pp. 173-196. 
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In the Mississippi valley section, the dividing lines between 
the several series are horizons which are probably capable of 
being very nxuch more widely traced than has yet been at- 
tempted. Most of the planes separating the series are natural 
stratigraphid horizons. They are located at levels where 
marked changes in sedimentation have taken place, where new 
phases of geological histor>^ begin, where Hthological differ- 
ences were brought into strong contrast. Decided orogenic 
changes of a rather abrupt nature took place at the times rep- 
resented by these boundary lines of the series. 

The subdivisions of the series are of minor importance in 
the present connection. Whatever might be these values in 
the Mississippi valley they would necessarily have few or no 
elements of exact comparison with those of other geological 
provinces. ■ 

The attempts to parallel the Mississippi valley sedtion of 
the Carboniferous with that of Pennsvlvania have been not 
only uniformly unsatisfactory, but on the whole nianifestly 
more or less fanciful. With the Mississippi section now so 
well determined, with its subdivision meaning something more 
than mere convenient groupings of strata, and with the ex- 
tension of the scheme westward, the Ohio and Pennsylvania 
sections come to have a significance that was wholly impossible 
to ascribe to them before. Of course with the present nomen- 
clature and present divisional lines the terranes can be com- 
pared only as approximate equivalents. 

Graphically represented, the serial terranes of the Carbon- 
iferous systemi have, according to the best information we 
have, somiething of the following relationships and develop- 
ments, shown in the subjoined cut (Fig. i) : 




FlO. 1. RBLATIONgHIPS OP THB C ARBONIPBROUS SBRIBS IN AMERICA. 

In the East and in the West the base of the Carboniferous 
system appears to be well defined on account of the presence of 
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marked unconformities. The depositional equivalents of these 
great erosional breaks in sedimentation have never been sug- 
gested or sought for. What the^^ represent in terranes would 
be of greater interest to know. They may have been formed 
while very considerable deposits were being laid down as Car- 
boniferous formations. The horizon of unconformity might 
then be separated from the real base of the Carboniferous by a 
stratigraphical interval of very considerable extent. As an 
analogous illustration of what vast possibilities might occur, 
even in the Carboniferous system itself, the Arkansan series of 
the Ozark region may be cited.* 

In the Mississippi valley there aopear to be no indications 
of the existence of unconformable relationships between the 
beds called Devonian and those termed Carboniferous. The suc- 
cession so far as is now known is unbroken and the sediments 
are of marine origin. For this reason a Devonian facies of the 
fossils may have been retained in this region long after the 
Carboniferous was fully inaugurated in other provinces. 

The problems which arise for solution in this connection 
are many; and their definite formulation is of fully as mudh 
importance as the recognition of the fact that they exist. 

As a terrane, or structural unit the typical Mississippian 
series can be probably never exactlv extended into the eastern 
provinces or into the western districts. In the first named direc- 
tion terranes of very different lithological comoosition replace 
it. In the second direction there must be for a long time yet 
difficulty in separating it from lithologically similar forma- 
tions above, through the whole sequence of which the succes- 
sion of faunas is unbroken and must dhange very gradually. 
Just how much of the Pocono and Maunch Chunk forma- 
tions of the Pennsylvania section which are commonly re- 
garded as forming the Lower Carboniferous, is the strati- 
graphic equivalent of the Mississippian must depend upon 
some further exact work^of correlation in the region occupied 
by Kentucky and Indiana. The sa^mte is true, to a less de- 
gree, of the Ohio section. At present, it seems probable that 
a part of the Waverly will be found to belong more properly 
to the Devonian. 

In the east, the Mississippian appears to be replaced by at 
least two terranes of as yet indeterminable vertical extent 

*Bu//. GeoU Soc. America^ toI. xii, 1901, p. 179. 
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and wholly different in origin from it. On the other hand, 
in the west the marine deposits, which must be its equivalent, 
merge above with the later Carboniferous formations of Hke 
origin and Hthological character. With no shore representa- 
tives in the west between the marine Mississippian and the 
marine Missourian formations, and the rock sequence being 
unbroken, the marine facies of the Arkansan and Des Moines 
are important features for determination. 

While westward the littoral formations known in the Mis- 
sissippi valley as the Arkansan and Des Moines series have 
no representatives of like origin, their eastward extension is 
not so difficult to follow. The Arkansan, so enormously thick 
in the typical locality, thins out rapidly eastward. Although 
its exact equivalents have not been carefully followed through 
Kentucky, Indiana and Ohio to Pennsylvania, it seems that it 
m|fty be regarded asi probably representing very nearly the 
interval occupied by the Pottsville in the last mentioned state. 
This interpretation has additional wieight on account of the 
fact that all present evidence goes to indicate that the Alle- 
g4iany series of Pennsylvania and the Des Moines series of 
the Mississippi valley are about equivalent stratigraphically. 

The late floral determinations of White* also go to support 
this statement. 

Of the Pennsylvania section the interpretation advanced 
would make the Conemaugh and the Monongahela, and prob- 
ably also the Dunkard (so-called Permian) littoral and coast- 
al representatives of the Missourian ; for it is not now believed 
that any part of the so-called Permian in Pennsylvania is so 
high stratigraphically as the base of the so-called Permian of 
Kansas. 

It is not thought that the Oklahoman has any depos- 
itional equivalents in the east. Until recently it was believed 
that the Cimarron or Red Beds of Kansas would eventually 
prove to belong to the Triassic or Cretaceous, but late inform- 
ation seems to show that the formation doubtless is a part of 
the Carboniferous. 



•U, S. Geol. Sur., Mon. xxxvii, 1899. 
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THE TORONTO AND SCARBORO' DRIFT SERIES. 

Bj Warrbn Upham, St. Paul, Minn. 

Among 'all the North American localities of interglacial 
deposits, Toronto and Scteirboro', situated close together on 
the northwestern shore of lake Ontario, present questions of 
the greatest interest and importance in their relation to the 
changes of climate attending the decline and end of the Ice 
age. The complex drift series of these localities, including 
alternate formations of till and fossiliferous- freshwater beds, 
has been described, with discussion of their climatic signifi- 
cance, by Hinde,* Coleman,t Chamberlin,J and the present 
writer.§ 

It will be needful, therefore, to give in this paper only a 
general statement of the drift sections and their remains of 
the Late Glacial fauna and flora. The chief purpose will be 
to inquire what these imply concerning the conditions that 
here permitted several alternations of glacial and interglacial 
beds, and to learn whether they indicate a far retreat of the 
border of the ice-sheet, worthy to be called a distinct inter- 
glacial epoch, or were records of moderate oscillations of the 
ice lx>rder, being then referable wholly to minor stages in the 
closing Champlain epoch of our continental glaciation. 

According to the view presented by Chamberlin, in 1894, 
the Toronto interglacial beds are referred provisionally to a 
long interval between the lowan and Wisconsin stages or 
epochs, giving to them a large epochal significance. They 
would thus denote a prolonged time of greatly diminished 
area of the continental ice>-sheet, or its complete disappear- 
ance, succeeded by renewed far advance, if not indeed wholly 
nfew accumulation, of the vast icenfields. Hinde, writing 
much earlier, gave a nearly equivalent opinion; and Coleman, 

•G.J. HiNDB,**The Glacial and Interglacial Strata of Scarboro' Heights and 
other localities near Toronto, Ontario," Canadian Journal, \o\.xy, pp. SSS- 
413. April. 1877. 

tA. P. Coleman. "Interglacial Fossils from the Don Valley. Toronto,** 
American Geologist, vol. xiii, pp. 85-95, Feb., 1894: "Glacial and Inter- 
glacial Deposits near Toronto. "Journa/ o/ Geology, vol. iii, pp. 622-645, Sept.- 
Oct., 1895; "Glacial tind Interglacial Ueds near Toronto,"/our. of Geo/., vol. 
ix, pp. 285-310. May-June, 1901. 

tT. C. Chamberlin, "The Toronto Fossiliferous Beds," in chapters contri- 
buted to Prof. James Geikie's Great Ice A»?e, third edition, 1894, pp. 765-769; 
"The Classification of American Glacial Deposits," your, of Geo/., vol. HI, pp. 
270-277, Aoril-May, 189G. 

{"Climatic Conditions shown by North American Interglacial Deposits,** 
Am. G^logist, vol. xv, pp. 273-295, with map. May, 1895. 
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in his subsequent papers, agrees with Chamberlin, though 
the observations noted seem to be favorable to the opposite 
view which I suggested partly. and imperfectly in 1895, in the 
paper before cited, and which, by the more ample data since 
published, I will here endeavor to support more fully. 

My interpretation of the history recorded by this drift 
series in and near to Toronto and Scarboro' refers it to minor 
climatic vicissitudes during a late part of the Wisconsin or 
Champlain epoch. Under either view the alternating glacial 
and interglacial beds belong to the last third, and most prob- 
ably even to the last tenth, of the Glacial period ; and my ex- 
planation places them indeed very near to its end, in compan- 
ionship with the great glacial lakes Agassiz, Warren, Algon- 
quin, and Iroquois. 

Details of the sections of this series, and lists of the fos- 
sils in its interglacial deposits, have been given by Hinde in 
1877, and by Coleman in his several papers of 1894, 1895, 
and 1 901. The last of these papers is based largely on the 
report of a committee of the British Association for the Ad- 
vancement of Science, presented at its Bradford meeting, in 
1900, by Prof. Coleman as secretary of the committee, with 
a separate report on the known Pleistocene flora of Canada 
by Prof. D. P. Penhallow. The moUusca were determine^ 
by Dr. William H. Dall, and the insects by Mr. Samuel H. 
Scudder. The great numbers of species reported far sur- 
pass any other locJiality of fossiliferous interglacial beds in 
America. 

Coleman writes in his latest paper as follows: 

WARM CLIMATE BEDS OF THE DON VALLEY. 

The earliest beds of the Toronto formation were deposited on 
the eroded surface of the lowan till or on the shales which ^ had been 
laid bare beneath it by river action ; and they were formed probably 
in the shallow waters of a lake, though some features suggest the ac- 
tion of currents. At the bend of the Don, coarse, little rounded 
shingle of the harder layers of the underlying Hudson River rocks 
makes the lowest bed visible above the present river, and suggests the 
action of a current rather than of v.aves. Thick sheets of vec^etable 
matter, greatly decayed twigs, leaves, reeds, etc., with trunks and 
branches of trees, are interbedded with the shingle, however, showing 
that the current could not have been swift. Possibly these beds were 
formed just at the mouth of a small river like the present Don, where 
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it entered a lake standing twenty or thirty feet higher than Ontario. 
If this is correct, there had already been a damming back of the inter- 
glacial waters to a higher level than has been reached yet in Post- 
glacial times. This damming could not have been by ice, for the 
climate was at least as mild as at present, since the tree trunks re- 
ferred to include wood of the red cedar, -an elm, the pawpaw, and three 
species of oak; and among the shellfish there are two not reported 
from Canadian waters at the present day, thouc^h found in the Missis- 
sippi, Quadrula (Unio) pyramidata and Anodonta grandis. ♦ * ♦ 

SECTION AT Taylor's brickyard. 

FBBT. 

8. Yellow or brown sand with some reddish clay (no fossils) 3-60 J^ 
7. Blue peaty clay with some gray sand (Unios, wood, cari- 
bou horn) 4/^-57^ 

6. Yellow to brown sand with thin layers o.f purplish clay 

(shells) 14-53 

5. Fine gray and yellow sand (Unios and other shells) 3*39 

4. Blue stratified clay and sand (Unios. with other shells, and 
lop^s of wood), above 2j/^ feet of boulder clay resting on 

Hudson River shale 2-36 

SECTION at BENn OF DON. 

3. Brown clay with sandy layers (Unios Campeloma, etc).. 5-34 

2. Blue clay with sandy layers (Unios, Anodons, wood) 6-29 

I. Coarse shingle with clay and peaty layers (shells and logs) 4-23 

River Don above lake Ontario 19-19 

From the combined section given above it will be seen that the 
warm climate beds of the Don, commencing 19 feet above lake Ontario, 
have a total thickness of 41 J^ feet. * * * The lowest point at 
which the Unio clays and sands have been found is 41 feet below lake 
Ontario at the foot of Scarboro' Rights, giving a vertical range of 
more than 100 feet for the whole series of warm climate beds. * * * 

In all there are thirty-nine undoubted species of mollusks, and 
three more probably, included in the fauna. Of these eight or ten 
have not been reported from lake Ontario, but occur farther south. 
[See Prof. Coleman's paper for lists of the species of the fauna and 
flora.] 

Professor Penhallow * * * states that **within this area no less 
than thirty-eight species (of plants, mostly trees] have been recovered, 
and they point conclusively to the existence of climatic conditions dif- 
fering materially from those which now prevail, and of a character 
more nearly allied to those of the middle United States of today." 
"Only one species appears to have disappeared in Pleistocene time. 
Acer pleistocenicum, which was abundant in the region of the Don, 
bears no well defined resemblance to existing species." 

The plant remains consist chiefly of wood and leaves, the former 
usually much flattened from the pressure of the later icc-shect, but 
otherwise often well preserved, the red cedar, for instance, showing 
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its color and being still quite tough, althoueh some of the wood, prob- 
ably decayed before being wat«r-logged and included in the clay, is in a 
worse condition. Parts of the wood are almost of the nature of brown 
coal, breaking across easily and showing a coaly luster on the broken 
surfaces. It may be worthy of mention that some large bits of porous 
charcoal, as if from the burning of a log, were found cemented with 
limonite in the sand (No. 6) just under the blue clay. The leaves 
are preserved generally in the thinner body of day, and are rarely ob- 
tained whole. * * * 

THE SCARBORO' OR COOL CLIMATE BEDS. 

After the close of the Don period, the interglacial lake deepened 
greatly, finally standing more than 150 feet above lake Ontario, and a 
great series of clays and sands were deposited by the Laurentian river 
in the form of delta materials in the wide and deep bay at this time 
extending still farther to the north than before. As seen at Taylor's 
brickyard, the clay beds, gray and finely laminated, with a few thin 
peaty layers, rest conformably on the brown sand at the top of the 
Don beds. The thickness, however, is not great, on account of later 
interglacial erosion, at the south end of the clay pit only 7^/2 feet, 70 
yards north, 13 feet, and a quarter of a mile to the northeast, 30 feet. 
These clays are magnificently shown at Scarboro' Heights, where they 
were carefully studied by Dr. Hinde. They commence, as shown in a 
well sunk on the shore beneath the cliff, about five feet be- 
low lake Ontario, and rise eighty-five or ninety ' feet above 
it. The upper surface mingles somewhat with the overlying 
sand and varies in hight to some extent. The clay is gray, 
very firm and resistant, almost as much so as the Hudson River shale 
of the region, and is generally finely laminated, though there are beds 
from two to four or five feet thick, showing little or no lamination. 
Besides the fine lamination there are often thin layers of grayish silt 
with peaty material at distances of one or two inches apart, per- 
haps representing flood seasons of an annual character. These silty 
layers cannot often be traced for more than a few feet horizontally, 
and may run up or down into a bed showing no lamination in a way 
suggesting cross bedding. Another very characteristic feature is the 
presence of half inch sheets of greenish impure siderite every two or 
three feet, though these are not found everywhere. 

The silty layers with peaty substances when washed to remove clay 
and then dried and looked over with a lens show great uniformity in 
all parts of the region. Scales of mica are always numerous, as well 
as mosses, spruce leaves, certain round black seeds, and chitinous por- 
tions of beetles. So constant is this assemblage that these clays are 
easily recognized by it when found in new localities, the clay ironstone 
sheets affording an additional earmark. Finally these are the only 
clays in the region which burn to a dark red brick. As their materials 
must have been derived by the Laurentian river and its tributaries 
from the calcareous boulder clay of the valley to the north, much of 
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the lime must have gone into solution by artificial weathering before 
reaching the river or have been dissolved during the time of transport, 
thus allowing the red color due to iron to appear on burning. * ♦ * 

>Dr. S. H. Scudder, who determined the beetles, thinks that all but 
two of the 72 [species listed in Coleman's papeh] are extinct. * * * 
The number of species of beetles could no doubt be extended if the 
work of determining them were not so very laborious. In addition to 
the beetles, cyprids occur, and rarely also fragments of Sphaeriums. 

The plants include several trees, Prof. Penhallow having found 
Larix americana, Picea alba, and another species of Picea, in materials 
from Price's and Simpson's brickyards ; while Dr. Macoun found 
leaves apparently of willow and alder in peaty material from Scar- 
boro'. as well as two shrubs, Oxycoccus palustric and Vaccinium uli- 
ginosum, and some smaller plants, such as Equisetum, Carex aquatilis. 
and C. utriculata. Dr. Hinde reports five species of mosses. * * * 

Dr. Scudder judges from the relationships of the beetles to mod- 
ern forms that the climate had "a boreal aspect, though by no means 
so decidedly boreal as one would anticipate under the circumstances." 
The same conclusion is reached by Dr. M^acoun and by Prof. Pen- 
hallow from the plant remains. * * * 

The peaty clay occupies the western part of the great bay into 
which the Laurentian river emptied when the interglacial lake was 
at its greatest hight. * * * the whole extent of the beds [is prob- 
ably! 25 miles from east to west. The last exposure known towards the 
north is 6J/2 miles inland from lake Ontario, and no doubt if the cut- 
tings of the Don were deep enough it would be found considerably 
farther north. The greatest thickness of the clay at Scarboro' is 
about 94 feet, 5 below the lake and 89 above: but the upper limit is 
rather hard to fix, since it becomes interbedded with sand. * * * 

INTERGLACIAL SANDS. 

Above the peaty clay at Scarboro* there are stratified sands with 
a thickness of 55 or 60 feet where best developed near the central 
part of the Hights, following the lower beds conformably and ap- 
parently laid down in shallower water but under similar climatic con- 
ditions. The lower 4 or 5 feet have clayey layers, but above this the 
sand is quite coarse, though free from pebbles, and shows cross bed- 
ding in some layers. In the sand are found all the usual minerals of 
Archean rocks, and a few bands of garnet and magnetite occur, evi- 
dently arranged under wave action, as on the present beach at the foot 
of the cliff. Just over the peaty clay there is sometimes an accumulation 
of coarse woody material, flattened twigs, bits of bark, etc., with quite 
laree branches of Larix americana and Abies balsamea : and similar lay- 
ers, but in less quantity, occur at a few points twenty or thirty feet 
hic^her uo in the cross bedded sand. Near the top of the sand numer- 
ous nut-like concretions of brown iron ore are found, and occasionally 
also a few shells, such as Sphaerium rhomlx)ideum, S. fabale, Limnaea 
sp.. Planorbis sp., and Valvata tricarinata, but Unios have not been ob- 
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tained from them. The stratified snnds were apparently laid down 
like the clays, from materials brought from the north by the Laurentian 
river, but in the shallower water where wave action was effective, 
forming wide sand flats and largely filling the western side of the bay 
previously described. 

A series of interglacial sands and gravels occurs in western Toronto, 
and is well exposed in large pits near Christie and Shaw streets ; but 
its exact relation to the Scarboro' deposits is not certain. Where the 
two series meet near the corner of Dupont and Bathurst streets there 
are two or three beds of clay with peaty layers interstratified with sand, 
suggesting that the sand and gravel are of the same age as the Scarboro* 
clay. 

The sand and gravel beds have a thickness of at least 78 feet, and 
rise 130 or 140 feet above lake Ontario, but their extent is unknown, as 
they are in general buried under boulder clay. It is certain that these 
beds were formed under different conditions from those either of the 
Don or Scarboro'. They are of coarser and more variable materials, 
often showing very marked cross bedding, probably produced by cur- 
rents rather than waves, and sometimes apparent unconformities such 
as are made by a stream changing its bed. We may suppose that an 
interglacial Humber river coming in from the west or northwest, 
brought down sand and gravel at the edge of the great bay, mingling 
them at some points with the clayey delta materials of the Laurentian 
river. 

This brings to a close the series of deposits forming the Toronto 
formation. In all there are four varieties, the sands and clays of the 
Don, with their warm climate trees and Mississippi Unios ; the peaty 
clays of Scarboro', with their seventy distinct beetles and their small 
flora, suggesting a cool but not arctic climate; the stratified sands over- 
lying them, probably forming a continuation of the cool climate period; 
and the western sands and gravels, with elephants, bisons, and some 
shell-fish, affording little evidence as to climate. The maximum thick- 
ness observed in each set of deposits is as follows : 

3. Scarboro' sands 60 feet/ 

2. Scarboro' peaty clays 94 feet. 

I. Don beds 41^ feet. 



V 



4. Western sands and grav- 
els 78 feet. 



195^ feet. 

These Toronto and Scarboro' interglacial deposits, after 
being spread as a vast composite delta plain, with gentle lake- 
ward slope, were deeply channeled by several streams before 
the ensuing glaciation covered the whole with alternating 
sheets of till and modified drift. On the present shore these 
valleys, partially filled by the later drift, descend below the 
level of lake Ontario, showing that after the delta accumula- 
tion this part of the lake held for some time a lower level than 
now. 
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Subsequently a snowy climate again caused an ice-sheet 
to overspread this area, with repeated oscillations of its bor- 
der. The oncoming and wavering of this glaciation, shown 
by its drift series, have also been described by Coleman as 
follows : 

The halt at the Scarboro' delta was long, and must have included at 
least three great oscillations of retreat and advance, to account for the 
complex of tills separated by stratified materials now crowning the 
hights. The first sheet of till is shown for about nine miles continuously 
at Scarboro' with the shape of a slightly bent bow, touching the lake 
it each end, and with a sharp downward dip at the Dutch church. The 
latter is however, less symmetrically placed than in a bow, being only 
three miles from the west end and six from the east. The hollow of 
the Dutch church valley was filled with till containing comparatively 
few stones to a level 50 or 60 feet above the present lake, then merging 
into gray stratified clay which rises to a hight of 165 feet, where it is 
covered with a few feet of much later Iroquois beach gravel. Very sim- 
ilar clays rising to the same hight, or a little higher, are found at brick- 
yards to the north of Toronto. They burn to a gray brick, and so are 
easily distinguished from the peaty clay which makes red brick. 

The highest part of the Scarboro' escarpment, about a mile east of 
the Dutch church, gives the best section of these complex glacial de- 
posits. At the point where the old Iroquois beach is cut off for a dis- 
tance by the present lake cliff, there is a face of 270 feet displayingr 
three layers of boulder clay separated by stratified sand, the whole 
overlying the stratified fossiliferous sands of the Toronto formation. 
A few hundred yards to the east of this the escarpment reaches its 
highest level, 354 feet above the lake, but the lower part is not so 
well shown. The upper portion is, however, more complete, since over- 
lying the third till sheet one finds laminated grayish blue or purplish 
clay followed by evenly bedded fine sand, on which rests a fourth 
boulder clay. Putting the two sections tofi^ether, we have the follow- 
ing complete section: 

PBBT. 

Boulder clay. No 4 48-354 

Stratified sand overlying 

stratified clay 36-306 

Boulder clay. No. 3 32-270 

Silty sand, the upper layers 

crumpled 25-238 

Boulder clay. No. 2 9-213 

Cross bedded sand 29-204 

Boulder clay. No. i 24-175 

Fossiliferous sand 59-151 

Peaty clay 92- 92 

Lake Ontario 



^ 203 feet, Glacial complex. 



151 feeft Toronto forma- 
tion. 



No fossils have been found in the sands or clays of the glacial 
complex at Scarboro', but a few have been picked up in stratified sand 
lying between two beds of boulder clay at the Metropolitan power 
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house, a mile or two north of Toronto. Amnicola limosa, a Succinea, 
and fragments of another species. These occur at 220 feet above the 
lake, but the sand containing them rvns up to 247 feet and may cor- 
respond to the silty sand between till No. 2 and till No. 3 at Scar- 
boro'. 

One of the recessions of the ice, perhaps the one just mentioned, 
appears to have been very extensive, for two thick beds of boulder 
clay are found to be separated by stratified materials at numerous 
points on the lake shore as far east as Newtonville, fifty miles from 
Toronto. The same relationship is found near the head-waters of 
the Don, about eicht miles north of the city, and also in ravines to 
the east, but has not been observed to the immediate west; though 
the stratified clays lying between two layers of till at Dundas and 
at several points near Niagara Falls may correspond to the same 
interglacial stage. In that case the ice must have withdrawn eighty 
miles in a northeasterly direction before advancing again. 

* * * The highest boulder clay has not yet been traced with cer- 
tainty west or south of the Toronto region, however, since the four 
sheets of boulder cleiy are very much alike and cannot be discrim- 
inated when found alone; and there is a possibility that it ends here, 
and that the water then filling the Ontario basin was continuous with 
that of some of the successors of lake Warren. 

In several earlier papers, treating of the causes of the Ice 
age, I have attributed the snow and ide accumulation to great 
uplifts of the land areas which were glaciated, giving to them 
a cool and snowy climate throughout the year. From the 
depths to which preglacial land valleys are now submerged 
beneath the sea level on the coasts of North America and Eu- 
rope, it is known that the elevation of the glaciated portions 
of these continents was 3,000 to 5,000 feet higher than now. 

After a very long duration of the somewhat fluctuating 
ice-sheet on each of these continents, the glaciated areas sank 
to their present hight or mosftly somewliat lower, so that 
when the ice melted away the sea covered coastal portions of 
the drift-bearing countries. The great change of climate re- 
sulting along the borders of the ice-sheet on account of the 
land depression caused rapid melting there, and this advanced 
inland until all the ice disappeared. The depression from the 
former high altitude, as was remarked by Dana, would trans- 
fer the southern part of the ice-sheet from a climate like that 
of Greenland to the temperate climate of southern Canada 
and the northern United States. Marginal melting then grad- 
ually pushed back the boundary of the ice and thus gave to 
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its front an increased steepness of slope, whereby any slight 
halt or readvance due t6 a series of years of unusual ctJd and 
snow-fall became recorded in a marginal moraine. 

The predominantly wasting ice border rose probably to an 
altitude of 5,000 feet within a hundred miles frcwn its edge 
while being dissolved by the warm Cham|>lain climate with 
somewhat lower altitude of the land than now. If the retreat 
of the ice-sheet from the northern United States and Canada 
occupied, as I think, some three to five thousand years, dis- 
appearing earliest from the upper Missouri and Mississippi 
basins, and latest from New England, the province of Que- 
bec, and Labrador, the extensicii of a warm temperate flora 
and fauna could well keep pace with the glacial recession, so 
that, as on the waning Malaspina ice-sheet, a flora like that 
of the same latitude today, and concomitant temperate mol- 
luscan and insect life, may well have thrived up to the very 
boundary of the ice, or perhaps in the case of the plants and 
insects even extending, as in Alaska, upon the drift-cOvered 
ice-border. 

Darwin noted, in his narrative of the voyage of the Beagle, 
that glaciers in the fjords of southern Chile reach down to the 
sea level within nine degrees of latitude from where palms 
flourish. Professor W. O. Crosby tells me of his observations 
of tine orchards of cherries and other fruits cultivated close 
to the limits of the large local fields of ice and neve in Nor- 
way, one of which has an area of about five hundred square 
miles. In t'.ie Alps the glaciers end only a few hundred feet 
from productive fields and gardens of flowers. Still more 
like the condition of North America and Europe during the 
recession of their Pleistocene ice-sheets is the vast fertile 
plain of India, enjoying a tropical climate, while within a 
short distance along its northern side, and farther west and 
east for an extent of 1.500 miles, runs the almost impassable 
Himalayan range with vallejs bearing glaciers and summits 
crowned with perpetual snow. 

The proximity of the very cold Himalayas does not bring 
frosts to the neighboring tropical plain. In like manner the 
ice-sheet still lingering on norlhem Ontario, New 1 
New England, probably did not cause a very I^ 
to prevail in the winters, nor nights of 

r 
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on the windward low region of the Laurentian lakes whence 
the ice had recently retreated. 

The thick stratified clay and sand beds forming the lower 
half of the Scarboro' section were evidently amassed as a 
delta or broad alluvial stope, perhaps wholly above the water 
level in the Ontario basin. So large a supply of sediments 
seems referable to their derivation partly from englacial drift 
exposed by ablation on the margin of ice-fields within the 
drainage area of the delta- forming streams. In this tract of 
confluence between the great eastern and central lobes of the 
Lauren tide ice-sheet, represented by the angle of the drift 
boundary at Salamanca in southwestern New York, there un- 
doubtedly was brought an exceptional volume of the en- 
glacial drift by the confluent glacial currents. Much of these 
clays and sands may therefore have come from englacial and 
finally superglacial drift of the neighboring ice-sheet on the 
northeast, being brought by streams from' its melting; while 
the driftwood and leaves of trees, and mosses of peat bogs, 
growing within a few miles westward, were contributed to the 
same deltas by streams flowing from a wooded land area bor- 
dering the ice, such as Russell found adjoining the Malas- 
pina ice-sheet in Alaska and even extending its forest growth 
several miles upon the drift-covered margin of the departing 
ice. 

When the delta, with its fanlike lakeward slope, had at- 
tained the maximum depth of nearly 200 feet in the Scarboro' 
section, lying partly beneath the present lake level, it was 
deeply channeled by the principal streams, which no longer 
carried so abundant silt for deposition on that outer part of 
the delta area. 

Later a moderate readvance of the icfc-sheet seems to have 
brought mXich englacial till, boulder clky, over this district, 
to be deposited when that thin ice margin melted away ; and 
upon this till the streams flowing from the ice front spread a 
thickness of twenty-nine feet of cross bedded sand. With the 
oscillations of small extent and short duration which the ice 
border often made during its accumulation of marginal mor- 
aines, the same alternations of boulder clay and sand were 
repeated until four distinct deposits of till and three of in- 
tervening sand l>eds, marking four ice advandes and reces- 
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■sicMis, crowned the ridge of Scarboro' Heights, attaining to- 
gether the thickness of 203 feet. 

Several species of the molluscan fauna which earliest came 
into the region of Toronto, following the retreat of the ice, 
were later unable to survive, when brought more fully into 
competition with tlie eastern fauna of the coastal regitMi ; 
but they are still living farther south and west, within the 
Mississippi drainage area. It is also especially noteworthy 
that the very rapid evolution now in progress producing the 
exceedingh- abundant species of insects is ShcwTi by the 
changes, or less probably the extinction, of nearly all the spe- 
cies of beetles found in the Scarboro' delta deposits. 

If all this history was subsefjuent to the beginning of the 
erosion of the Niagara river gorge, and previous to the rise 
of this western part of the glacial lake Iroquois, occasioned 
by the uplifting of the coimtry including its outlet at the east, 
to form the upper Iroquois beach of Toronto and its vicinity, 
which I think probable, only a few hundred years, or perhaps 
a thousajid years, more or less, must have sufficed for the 
■deposition, of the Toronto and Scarboro' interglacial and 
glacial series. This conclusion seems well consistent with 
the apparent evidences of seasonal changes, as if marking 
years, which Coleman mentions as frequent in the Scarboro' 
peaty clays. 



EDITORIAL COMMENT. 

A.XNOrNCEMENT OF THE THEORY OF EVOLUTIOK. 

There is no more notable event in the history of science 
than the joint presentation before the Linnean Society in 1858 
of papers by Charles Darwin an'I -Alfri'd Wallace announcing 
the theory of evolution by natural selection. Darwin, as is 
generally known, was most canlul in his methods of work. 
His theory in regard to the transiiintalion of specJ Mbl. 
selection was slowly thought out from the t 
of the Beagle, and was put in wrilinp la 1 
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script was shortly afterwards shown to Sir Joseph Hooker and 

others ; but Darwin continued to collect facts and to postpone 

publication. In 1858 Wallace sent him from the East Indies 
a letter not specifically intende<i for publidaiton, announcing 

the same theory of natural selection. Darwin was at first in- 
clined to publish Wallace's paper by itself, but was persuaded 
by Sir Charles Lyall and Sir Joseoh Hooker to have read be- 
fore the Linnean Society at the same time as Wallace's paper 
an extract from his unpublished manuscript of 1844 ^.nd a 
letter addressed to Asa Gray. The papers by Darwin and 
Wallace and a statement by Lyell and Hcoker were read be- 
fore the Linnean Society in 1858 and subsequently published 
in the Journal of the Society, These documents, to which 
attention is called by their reproduction in the November num- 
ber of The Popular Science Monthly, are of ver}- great in- 
terest both in themselves and in cv>mparison with the full pre- 
sentation of the theory of evolution by natural selection pub- 
lished later by Darwin and Wallace. 

THE AMERICAN PHILOSOPHICAL SOCIETY.' 

The American Philosophical Society, Philadelphia, founded 
in 1743 through the instigation of Benjamin Franklin, is the 
oldest scientific society in America, and ranks among the old- 
est in the world. Its publications are found in the principal 
libraries of this country and of Europe. Its memibership em- 
braces many of the most prominent scientists of America, an<i 
represents the extended national basis on which the society is 
founded. Arrangements are being made by a ctommittee of 
the society to enlarge the facilities "for promoting useful 
knowledge" to which the organization is devoted by the terms 
of its first circular issued by Franklin, and for widening the 
plan of publication. It is proposed to hold, in addition to the 
usual semi-monthly, an annual general meeting designed Lo 
attract members of the society from all parts of the country. 
Papers read at this annual meeting will be of a more general 
scientific character, and their prompt publication will enable 
the society to be the avenue of announcement of important re- 
sults of more extended researcfi. The first annual meeting is 
to be held Easter week, 1902. This plan, if its results arc 
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commensurate with the expectations of the society, will not 
only give an auspicious opening for the twentieth century, but 
will serve to promote the society and the interests for the ad- 
vancement O'f which it was established. The career of this, 
society has been an honor to Americfei. The next centur\' 
promises to rank well with the last. n. h. w. 



REVffiW OF RECENT GEOLOGICAL 

LITERATURE. 



Geology of the Eastern Choctaw Coal Field; by J. A. Taff and G. I. 

Adams. (U. S. Geolog. Surv., 20th Ann. Rept., Pt. II, pp. 25^-311, 

1901). 

To those interested in the American Carboniferous every new con- 
tribution to. our knowledge of the Ouichita district is of the greatest 
interest. One reason is the enormous thickness of the Carboniferous 
section that is said to prevail in this district. The eastern Choctaw 
coal field is in the eastern part of Indian Territory, and extends south- 
ward from the Arkansas river. It therefore lies in a region from which 
may be expected much critical evidence bearing upon the most import- 
ant part of Carboniferous history on this continent. 

No district in this country is more instructive as regards topog- 
raphy than that in which the Choctaw field is situated. A well defined 
lowland plain is one of the most notable features of the relief. Out of 
it rise the isolated mountains. "These low-level broadened valleys 
lying between the mountains grade insensibly northward into the greater 
valley of the Arkansas. The streams of the lowland are corroding their 
channels very little, and in general are sluggish and are bordered by 
wide flood-plains which are very little below the general surface of the 
lowland plain." A highland plain is also in evidence. "A great number 
of ridges, hills, and nearly level highlands rise from the lowland plain 
to elevations of nearly 8co feet above sea-level. These crests, there- 
fore, lie practically in a horizontal plane which is considered to have 
been the general level of the country in recent geological times. The 
valleys of the streams lie below it, and above it rise the residuals of the 
mountains, among which the Arkansas river drainage flows. A few of 
these mountains have elevations approximating the high levels at- 
tained by the principal ridges of the Ouichita mountains and the Ozark 
plateau." • 
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The mountains of the Choctaw region are all of the same type and 
have similar detail of surface features. They are all of synclinal 
structure, and the same formations occur in all four of the mountains 
in this field and in nearly the same relative position. The sides of the 
mountains, knobs, peaks, or ridges have the bench and terrace type of 
sculpture. 

The geological structure, stratigraphy and economic features are 
clearly described. Regarding the distribution of the coal seams of the 
district it is stated that **Seven workable beds of coal are known in the 
eastern Choctaw coal field. They occur in four different formations, 
from the top of the Hartshorne sandstone, which is the lowest coal- 
bearing rock known in Indian Territory, upward to the lower part of 
the Boggy shale. The thickness of the rock between the lowest and 
highest of these coals is estimated to be nearly 3,600 feet. Besides these 
coal beds, which are profitably worked, there are a number of others 
that are thin and have been located, chiefly by prospect drill, in various 
parts of tlie McAlester shale and Savanna sandstone. 

"A knowledge of the geological structure of the rocks in which coal 
beds occur and of the combined effects of structure and erosion on 
the topography or surface configuration of the land is necessary to the 
most successful economic prospecting and exploitation of the coal. 
Except to test the thickness and quality of a particular coal bed, the 
drill need not be called into use in a coal field of this nature. All the 
known coal beds are associated with sandstone beds of considerable 
persistency, which make their presence and location known by more or 
less elevated hills and ridges. When the interval between such sand- 
stone and coal beds is once established, the crop of the coal may be 
located as rapidly as the sandstone ridge or outcrop can be traversed. 
The dip of the sandstone may be determined at almost any point by 
measurements on its outcropping edges. The coal beds, on the con- 
trary, nsur.lly lying in shale, have their edges worn down and concealed 
by soil and rock debris." 

Good maps accompany the memoir. Also a few paragraphs on the 
composition and adaptability of the coals. c. R. k. 

Geology and xvctcr resources of Nes Perce county, Idaho. I. C. 

Russell. (U. S. Geol. Sur., Water supply papers, Nos. 53 and 

54,.igoi). 

This document is more than a treatise on the water supply and 
irrigation of Ncz Perce county, for it enters largely into the inter- 
esting geology of the region, and presents some very fine plates show- 
ing the canons eroded by the streams. 

Prof. Russell notes two sharply defined rock groups — a pre- 
Tertiary and a Tertiary. The former embraces a large variet>'' 
of rocks of both igneous and sedimentary origin, and large areas 
of metamorphic rocks. These are disturbed by folding and other- 
wise and once formed a land surface that was deeply denuded be- 
fore the younger group was spread upon it. The Tertiary group 
consists largely of igneous rock, either basalt or volcanic tuffs, but 
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it entered a lake standing twenty or thirty feet higher than Ontario. 
If this is correct, there had already been a damming back of the inter- 
glacial waters to a higher level than has been reached yet in Post- 
glacial times. This damming could not have been by ice, for the 
climate was at least as mild as at present, since the tree trunks re- 
ferred to include wood of the red cedar, >an elm, the pawpaw, and three 
species of oak ; and among the shellfish there are two not reported 
from Canadian waters at the present day, thoufi^h found in the Missis- 
sippi, Quadrula (Unio) pyramidata and Anodonta grandis. * * * 

SECTION AT Taylor's brickyard. 

FBBT. 

8. Yellow or brown sand with some reddish clay (no fossils) 3-601/2 
7. Blue peaty clay with some gray sand (Unios, wood, cari- 
bou horn) AVt-SyVi 

6. Yellow to brown sand with thin layers of purplish clay 

(shells) 14-53 

5. Fine gray and yellow sand (Unios and other shells) 3-39 

4. Blue stratified clay and sand (Unios. with other shells, and 
lop^s of wood), above 2J/2 feet of boulder clay resting on 
Hudson River shale 2-36 

SECTION at BENt^ OF DON. 

3. Brown clay with sandy layers (Unios Campeloma, etc).. 5-34 

2. Blue clay with sandy layers (Unios, Anodons, wood) 6-29 

I. Coarse shingle with clay and peaty layers (shells and logs) 4-23 

River Don above lake Ontario 19-19 

From the combined section given above it will be seen that the 
warm climate beds of the Don, commencing 19 feet above lake Ontario, 
have a total thickness of 41 J^ feet. * * * The lowest point at 
which the Unio clays and sands have been found is 41 feet below lake 
Ontario at the foot of Scarboro' Rights, giving a vertical range of 
more than 100 feet for the whole series of watm climate beds. * * * 

In all there are thirty-nine undoubted species of mollusks, and 
three more probably, included in the fauna. Of these eight or ten 
have not been reported from lake Ontario, but occur farther south. 
[See Prof. Coleman's paper for lists of the species of the fauna and 
flora.] 

Professor Penhallow * * * states that "within this area no less 
than thirty-eight species [of plants, mostly trees] have been recovered, 
and they point conclusively to the existence of climatic conditions dif- 
fering materially from those which now prevail, and of a character 
more nearly allied to those of the middle United States of today." 
"Only one species appears to have disappeared in Pleistocene time. 
Acer pleistocenicum, which was abinidant in the region of the Don, 
bears no well defined resemblance to existing species." 

The plant remains consist chiefly of wood and leaves, the former 
usually much flattened from the pressure of the later icc-shcct, but 
otherwise often well preserved, the red cedar, for instance, showtns^ 
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its color and being still quite tough, althoufirh some of the wood, prob- 
ably decayed before being wat«r-logged and included in the clay, is in a 
worse condition. Parts of the wood are almost of the nature of brown 
coal, breaking across easily and showing a coaly luster on the broken 
surfaces. It may be worthy of mention that some large bits of porous 
charcoal, as if from the burning of a log. were found cemented with 
limonite in the sand (No. 6) just under the blue clay. The leaves 
are preserved generally in the thinner body of clay, and are rarely ob- 
tained whole. * * * 

THE SCARBORO' OR COOL CLIMATE BEDS. 

After the close of the Don period, the interglacial lake deepened 
greatly, finally standing more than 150 feet above lake Ontario, and a 
gn'eat series of clays and sands were deposited by the Laurentian river 
in the form of delta materials in the wide and deep bay at this time 
extending still farther to the north than before. As seen at Taylor's 
brickyard, the clay beds, gray and finely laminated, with a few thin 
peaty layers, rest conformably on the brown sand at the top of the 
Don beds. The thickness, however, is not great, on account of later 
interglacial erosion, at the south end of the clay pit only 75^ feet, 70 
yards north, 13 feet, and a quarter of a mile to the northeast, 30 feet. 
These clays are magnificently shown at Scarboro' Heights, where they 
were carefully studied by Dr. Hinde, They commence, as shown in a 
well sunk on the shore beneath the cliff, about five feet be- 
low lake Ontario, and rise eighty-five or ninety ' feet above 
it. The upper surface mingles somewhat with the overlying 
sand and varies in hight to some extent. The clay is gray, 
very firm and resistant, almost as much so as the Hudson River shale 
of the region, and is generally finely laminated, though there are beds 
from two to four or five feet thick, showing little or no lamination. 
Besides the fine lamination there are often thin layers of grayish silt 
with peaty material at distances of one or two inches apart, per- 
haps representing flood seasons of an annual character. These silty 
layers cannot often be traced for more than a few feet horizontally, 
and may run up or down into a bed showing no lamination in a way 
suggesting cross bedding. Another very characteristic feature is the 
presence of half inch sheets of greenish impure siderite every two or 
three feet, though these are not found everywhere. 

The silty layers with peaty substances when washed to remove clay 
and then dried and looked over with a lens show great uniformity in 
all parts of the region. Scales of mica are always numerous, as well 
as mosses, spruce leaves, certain round black seeds, and chitinous por- 
tions of beetles. So constant is this assemblage that these clays are 
easily recognized by it when found in new localities, the clay ironstone 
sheets affording an additional earmark. Finally these are the only 
clays in the region which burn to a dark red brick. As their materials 
must have been derived by the Laurentian river and its tributaries 
from the calcareous boulder clay of the valley to the north, much of 
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the lime must have gone into solution by artificial weathering before 
reaching the river or have been dissolved during the time of transport, 
thus allowing the red color due to iron to appear on burning. ♦ * * 
X)r. S. H. Scudder, who determined the beetles, thinks that all but 
two of the 72 [species listed in Coleman's papeh] are extinct. * * * 
The number of species of beetles could no doubt be extended if the 
work of determining them were not so very laborious. In addition to 
the beetles, cyprids occur, and rarely also fragments of Sphaeriums. 

The plants include several trees. Prof. Penhallow having found 
Larix americana, Picea alba, and another species of Picea, in materials 
from Price's and Simpson's brickyards ; while Dr. Macoun found 
leaves apparently of willow and alder in peaty material from Scar- 
boro', as well as two shrubs. Oxycoccus palustric and Vaccinium uli- 
ginosum, and some smaller plants, such as Equisetum, Carex aquatilis, 
and C. utriculata. Dr. Hinde reports five species of mosses. * * * 

Dr. Scudder judges from the relationships of the beetles to mod- 
ern forms that the climate had "a boreal aspect, though by no means 
so decidedly boreal as one would anticipate under the circumstances." 
The same conclusion is reached by Dr. MJacoun and by Prof. Pen- 
hallow from the plant remains. * * * 

The peaty clay occupies the western part of the great bay into 
which the Laurentian river emptied when the interglacial lake was 
at its greatest hight. * * * the whole extent of the beds [is prob- 
ably! 25 miles from east to west. The last exposure known towards the 
north is 6^ miles inland from lake Ontario, and no doubt if the cut- 
tings of the Don were deep enough it would be found considerably 
farther north. The greatest thickness of the clay at Scarboro' is 
about 94 feet, 5 below the lake and 89 above; but the upper limit is 

rather hard to fix, since it becomes interbedded with sand. ♦ * * 

» 

INTERGLACI.XL SANDS. 

Above the peaty clay at Scarboro' there are stratified sands with 
a thickness of 55 or 60 feet where best developed near the central 
part of the Rights, following the lower l)eds conformably and ap- 
parently laid down in shallower water but under similar climatic con- 
ditions. The lower 4 or 5 feet have clayey layers, but above this the 
sand is quite coarse, though free from pebbles, and shows cross bed- 
ding in some layers. In the sand are found all the usual minerals of 
Archean rocks, and a few bands of garnet and magnetite occur, evi- 
dently arranged under wave action, as on the present beach at the foot 
of the cliff. Just over the peaty clay there is sometimes an accumulation 
of coarse woody material, flattened twigs, bits of bark, etc., with quite 
lan?e branches of Larix americana and Abies balsamea: and similar lay- 
ers, but in less quantity, occur at a few points twenty or thirty feet 
higher un in the cross bedded sand. Near the top of the sand numer- 
ous nut-like concretions of brown iron ore are found, and occasionally 
also a few shells, such as Sphaerium rhoniboideum, S. fabale, Limnaea 
sp., Planorbis sp., and Valvata tricarinata, but Unios have not been ob- 
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tained from them. The stratified snnds were apparently laid down 
like the days, from materials brought from the north by the Laurentian 
river, but in the shallower water where wave action was effective, 
forming wide sand flats and largely filling the western side of the bay 
previously described. 

A series of interglacial sands and gravels occurs in western Toronto, 
and is well exposed in large pits near Christie and Shaw streets ; but 
its exact relation to the Scarboro' deposits is not certain. Where the 
two series meet near the corner of Dupont and Bathurst streets there 
are two or three beds of clay with peaty layers interstratified with sand, 
suggesting that the sand and gravel are of the same age as the Scarboro' 
clay. 

The sand and gravel beds have a thickness of at least 78 feet, and 
rise 130 or 140 feet above lake Ontario, but their extent is unknown, as 
they are in general buried under boulder clay. It is certain that these 
beds were formed under different conditions from those either of the 
Don or Scarboro'. They are of coarser and more variable materials, 
often showing very marked cross bedding, probably produced by cur- 
rents rather than waves, and sometimes apparent unconformities such 
as are made by a stream changing its bed. We may suppose that an 
interglacial Humber river coming in from the west or northwest, 
brought down sand and gravel at the edge of the great bay, mingling 
them at some points with the clayey delta materials of the Laurentian 
river. 

This brings to a close the series of deposits forming the Toronto 
formation. In all there are four varieties, the sands and clays of the 
Don, with their warm climate trees and Mississippi Unios ; the peaty 
clays of Scarboro', with their seventy distinct beetles and their small 
flora, suggesting a cool but not arctic climate ; the stratified sands over- 
lying them, probably forming a continuation of the cool climate period; 
and the western sands and gravels, with elephants, bisons, and some 
shell-fish, affording little evidence as to climate. The maximum thick- 
ness observed in each set of deposits is as follows : 

3. Scarboro' sands .60 feet/ 

2. Scarboro' peaty clays 94 feet. , w? ^ j j 

I. Don beds ..... .. 4V2 feet. ^ 4- Western sands and gray- 

^ ' els 78 feet. 



1953^ feet. 

These Toronto and Scarboro' interglacial deposits, after 
being spread as a vast composite delta plain, with gentle lake- 
ward slope, were deeply channeled by several streams before 
the ensuing glaciation covered the whole with alternating 
sheets of till and modified drift. On the present shore these 
valleys, partially filled by the later drift, descend below the 
level of lake Ontario, showing that after the delta accumula- 
tion this part of the lake held for some time a lower level than 
now. 
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This fault was formed after the deposition of the lake Superior 
standstone and the effect on the traps was extensive and remarkable. 
They are brecciated and reduced to extreme fineness sometimes for a 
distance of 400 feet from the fault plane but the sandstone, which lies 
on the north side and which has suffered a great down-throw, is 
rather thrown into a series of folds, or is broken into large faulted 
blocks, bending upward, even at sixty degrees from the horizon, at 
the fault plane. 

It might have been well had Dr. Grant given some of the evidence 
of the long erosion interval which he alludes to as one of the steps 
in the geological history of Douglas rounty, said to have occurred be- 
tween the sedimentary beds of the rpper Keweenawan and the lake 
Superior sapdstone. This is a mooted question. Evidently no proof 
of such erosion interval occurs within the field reported on, else it 
would have been mentioned. This erosion interval, however, was one 
of the tenets of the older Wisconsin survey and it seems to have been 
adopted by Dr. Grant without question. In a preliminary and sub- 
ordinate report, however, devoted largely to economic facts, and to the 
description of the field geology, it would have been impossible to have 
gone into a theoretical question of that nature. In the writer's opin- 
ion there was no such erosion interval, but instead there was a pro- 
gressive subsidence in the lake Superior region, followed later by- 
flexure, faulting, and elevation above the sea. n. h. w. 

An investigation of the buried valley of Wyoming. William Grif- 
fith. (Read before the Wyoming Historical and Geological Society. 
Jan. II, 1901. Wilkesbarre, Pa.) 

This old valley has long been known. It has been he cause of dif- 
ficulty and some fatalities in the mining of the coal at Wilkesbarre. 
It is filled with gravel and sand, and other coarser drift, to the depth 
of 200 or 300 feet. If this filling could be removed there would be 
seen a lake eighteen miles long and a mile in width through which 
the Susquehanna river would flow. This river now flows along the 
surface of the gravel bed, but slightly impinging upon the rock rim. It 
is evident that this gravel is permeated by water for sometimes in min- 
ing operations both gravel and watei rush into the mines that pass 
into the limits of the gorge. This gorge is an interesting example of 
the condition of the surface of the country previous to the drift age. 

N. H. W. 
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house, a mile or two north of Toronto. Amnicola limosa, a Succinea, 
and fragments of another species. These occur at 220 feet above the 
lake, but the sand containing them runs up to 247 feet and may cor- 
respond to the silty sand between till No. 2 and till No. 3 at Scar- 
boro'. 

One of the recessions of the ice, perhaps the one just mentioned, 
appears to have been very extensive, for two thick beds of boulder 
clay are found to be separated by stratified materials at numerous 
points on the lake shore as far east as Newtonville, fifty miles from 
Toronto. The same relationship is found near the head-waters of 
the Don, about eisrht miles north of the city, and also in ravines to 
the east, but has not been observed to the immediate west; though 
the stratified clays lying between two layers of till at Dundas and 
at several points near Niagara Falls may correspond to the same 
interglacial stage. In that case the ice must have withdrawn eighty 
miles in a northeasterly direction before advancing again. 

* * * The highest boulder clay has not yet been traced with cer- 
tainty west or south of the Toronto region, however, since the four 
sheets of boulder cleiy are very much alike and cannot be discrim- 
inated when found alone; and there is a possibility that it ends here, 
and that the water then filling the Ontario basin was continuous with 
that of some of the successors of lake Warren. 

In several earlier papers, treating of the causes of the Ice 
age, I have attributed the snow and ide accumulation to great 
uplifts of the land areas which were glaciated, giving to them 
a cool and snowy climate throughout the year. From the 
depths to which preglacial land valleys are now submerged 
beneath the sea level on the coasts of North America and Eu- 
rope, it is known that the elevation of the glaciated portions 
of these continents was 3,000 to 5,000 feet higher than now. 

After a very long duration of the somewhat fluctuating 
ice-sheet on each of these continents, the glaciated areas sank 
to their present hight or mosftly somewhat lower, so that 
when the ice melted away the sea covered coastal portions of 
the drift-bearing countries. The great change of climate re- 
sulting along the borders of the ice-sheet on account of the 
land depression caused rapid melting there, and this advanced 
inland until all the ice disappeared. The depression from the 
former high altitude, as was remarked by Dana, would trans- 
fer the southern part of the ice-sheet from a climate like that 
of Greenland to the temperate climate of southern Canada 
and the northern United States. Marginal melting then grad- 
ually pushed back the boundary of the ice and thus gave to 
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CORRESPONDENCE. 



Heavy rains and possible volcanic action in Nicaragua. — Rain 
has fallen in western Nicaragua for one to three hours each day, dur- 
ing the past eighty days ; most frequently they have been torrental rains, 
Hooding the streets in the cities of Granada and Managua eight to ten 
inches deep and rushing in rapid currents into the lakes Nicaragua and 
Managua. 

The result is that the water in these lakes is now for this season 
of the year several feet higher than remembered by reliable citizens to 
have been since the high water in 1859-61. 

Because of the unusually large rainfall thus far, this year, it is 
quite probable that next December and January [usual high-water 
months annually in the lakes above named] the water in lakes Nicara- 
gua and Managua, will be more than two feet higher than the remem- 
bered by reliable natives, high-water years 1859-61^ when they were 
about ten feet higher [so reliable people have declared to me] than 
when measured by the engineer corps of the Isthmean Canal Commis- 
sion 1898-99-1900. 

There appears to be a periodic time of about forty years of un- 
usually high water — far above the usual hight. I am endeavoring to as- 
certain if there are not records, in the archives of the old Roman 
Catholic churches, some of them established in Nicaragua before A. D. 
1600, of unusually high-water in these lakes — but it will probably take 
months of search among the confused mass of papers in each churrh 
before ascertaining whether such records exist. 

What effect the pressure of this unknown stage of water will have 
in, say next October, November and December, on the semi-slumbering 
to apparently nearly extinict volcanoes in and near them, is looked for- 
ward to by me with much interest, because, from more than fifteen 
years of observations and studies of volcanic masses in the tropical 
Americas, I have formed the opinion that the varying pressure of wa- 
ter in and above the numerous fissures is most frequently the cause of 
volcanic activity. The fissures referred to are observable for hundreds 
of feet from the base of the volcano when the water surrounding it, ^r 
adjacent to it, is at a low stage, or traceable for miles in the earth near 
its surface when the volcano is not surrounded by, nor adjacent to, a 
large volume of water. These fissures are the escape, or safety valves. 
of apparently slumbering volcanoes, permitting high tension gases to 
escape as they near an exploding condition, except when the pressure 
of water in the lakes and bays surrounding or in part surrounding the 
volcanic mass becomes ifo great as to repress them. These gases are 
imder pressure from the superheated magma formed miles down be- 
neath the earth's surface. J. Crawford. 

Managua, Nicaragua, August 31st. 1901. 

Second edition of the Geological mat> of West Virginia. — The 
new geological map of West Virginia first published under date of 
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January loth, 1899, by the West Virginia Geological Survey, has recent- 
ly been revised, new features added and republished under date of 
August 1st, 1901. 

The map shows in separate colors the three great coal formations 
of West Virginia, viz. : the New River of Pocahontas, the lowest, the 
Allegheny-Kanawha series in the middle, and the Monongahela or 
Pittsburg (Connellsville) at the top. Two features not shown on the 
original map have been added in this edition, viz. : the prominent 
anticlinal lines, and the locations and names of every coal mine in the 
state shipping coal by rail or river, up to July 15th, 1901, the ap- 
proximate locations of the mines being indicated by numbered black 
dots, and the corresponding names and numbers printed on the mar- 
gin of the map by counties. 

The State Geological Commission has placed this map on sale at 
the office of the survey at the price of 50 cents per copy from which 
there is no discount. 

The map shows the coal, oil and gas developments of the state at a 
glance, and should prove of much use to every one interested in these 
subjects, even though the topographic base of the map is unavoidably 
very inaccurate, and must remain so until the topc^raphic map now 
being constructed by the cooperation of the State and United States 
Geological survey shall have been completed five to six years hence. 

Those who desire it should fill out the accompanying blank and en- 
close it with 50 cents to the office of the West Virginia Geolc^ical Sur- 
vey, Box 448, Morgantown, W. Va. 

I. C. White. 

September 20th, 1901. State Geologist. 

New York Academy of Sciences. The first meeting of the Sec- 
tion of Geology and Mineralogy of the New York Academy of Sci- 
ences was held on October 21. In calling the meeting to order the 
chairman spoke of the loss to the Academy and to science occasioned 
by the death of Dr. T. G. White, secretary of the Section, and of 
professor Joseph LeConte, corresponding member of the Academy. A 
committee consisting of professors J. J. Stevenson and J. F. Kemp, 
was appointed to draw up suitable minutes in reference to Dr. 
White and professor LeConte. 

Dr. E. O. Hovey, of the American Museum of Natural History, 
was then elected secretary of the Section. 

'Ihe following program was then offered: 

A. W. Grabau spoke, on Recent Contributions to the Problem of 
Niagara. He said that Davis has fhown that the topc^raphy of the 
Niagara region conforms to the type generally found in ancient coastal 
plains, the original features of which have been more or less modified 
by subsequent warpings, and by glacial erosion and deposition. 

The Niagara escarpment is the inface of the Niagara cuesta, trace- 
able through the Indian peninsula and Grand Manitoulin island. The 
Ontario lowland is continued in the Georgian Bay lowland. A second 
cuesta — the Onondaga — has its inface slightly developed north of Buf- 
falo, but becomes prominent in the Lake Huron valley, where its in- 
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ner lowland forms the deeper part of the lake. The third cuesta and 
lowland (the Erie) occurs north of the second. 

The Tertiary drainage is supposed to have been to the southwest, 
instead of the northeast as Spencer holds. The principal streams of 
that time are supposed to have been, (i) the Saginaw — whose path is 
indicated in part by Saginaw bay and the deep channel between the In- 
dian peninsula and Grand Manitoulin island, (2) the Dundas, breach- 
ing the Niagara cuesta at Hamilton, Ont., and crossing the Erie low- 
land near Fort Stanley, and (3) for a time, at least, the Genesee, 
though this may later have had a northward course. The subsequent 
streams tributary to these consequents, carved the various lowlands. 
St. David's channel is regarded as an obsequent stream, which was 
accidently discovered by the Niagara. The whirlpool gorge was prob- 
ably, in part, the southward continuation of this stream, and not wholly 
postglacial. 

Professor J. F. Kemp's first paper was on the New Asbestos Re- 
gion in Northern Vermont. He said that asbestos has recently opened 
up on a commercial scale in the towns of Eden, Lamoille Co., and 
Lowell, Orleans Co., Vt. The towns are adjacent, although in dif- 
ferent counties. The asbestos lies from fifteen to twenty-five miles 
north of Hyde Park, a station on the St. Johnsbury and Lake Cham- 
plain R. R. As is quite invariably the case, it occurs in serpentine, 
either in veins, or in matted aggregates along slickensided blocks. The 
serpentine where the best fibre is found lies on the south shoulder of 
Belvedere mountain, and forms an cast and west belt. It is bounded 
on the north and west by hornblende-schist, which forms the summit 
of the mountain. The contact on the west is a visibly faulted one, 
and that on the north is probably also of the same sort, because the 
hornblende-schist rises in a steep escarpment. 

The serpentine seems to have been derived from enstatite, since un- 
altered nuclei of this mineral are found in it. The vein asbestos ranges 
from a fibre of microscopic length up to ^ of an inch as thus far ex- 
posed. It is fine and silky and of excellent grade. It would, however, 
be classed as second grade according to the Canadian practice, which 
makes a first grade, of fibre above ^ of an inch (about 2^ inches 
being the maximum), and a second grade of ^ in. to ^ in. All be- 
low this and all fibre not vein fibre goes to the mill and is mechanically 
separated, as the third grade. In thj Vermont localities the slip fibre 
is exposed on the property of the New li,ngland Co., and of its neigh- 
bor, the American Co. The vein fibre is limited so far as yet opened 
up to the property of Mr. M. E. Tucker and associates. 

It is difficult with the data in i:and, which were gathered under 
the direction of Dr. C. W. Hayes, of the U. S. Geological Survey, to 
trace the geological history of the ."terpentine, but it must have been 
originally either an igneous pyroxenyte. or a richly magnesian siliceous 
limestone. There are such slight traces of calcium-bearing minerals 
however, that the former supposition has the greater weight. The 
hornblende-schist consists of common green hornblende and of an un- 
usual amount of titanite, there beini^ little else than these two present 
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Professor Kemp also gave a paper on the Physiography of Lake 
George. The observations extending over several years have suggested 
the following conclusions. Lake George occupies a submerged valley 
very similar to many others in the Adirondacks, which are not sub- 
merged. The valley has been largely produced by faulting, and the 
fault-scarps, still remain in precipitous cliffs, whose sharpness has not 
been much affected by the weathering and erosion. Before the Pleis- 
tocene, the valley was probably a low pass with both a north and a 
south discharge. The portion rich in islands near Pearl point, and the 
Hundred Island house, was probably the divide, and the islands rep- 
resent the old hillocks near the top of the divide. At the south the 
water is backed up by sands and morainal matter in the valleys on 
each side of French mountain, viz. at the head of Kattskill bay, and 
at Caldwell. On the north they are held in by Champlain clays and 
syenitic gneiss at the Ticonderoga outlet, and probably by morainal 
material at the low pass just south of Rogers rock and leading out to 
the very depressed Trout brook valley, just west of Rogers rock and 
Cook mountains. Trout brook is now as much as a hundred feet 
lower than lake George at points south of the Ticonderoga barrier. 
The northern barrier is rock because the Ticonderoga river passes 
through a narrow and shallow channel in the exposed ledges a mile 
south of its actual first waterfall. There is a broad flat valley buried 
in clays, however, beneath which an old channel may lie submerged. 
At the same time, the marked depth of the Trout brook valley to the 
west makes this the natural outlet and there is reason to believe from 
the general topography that the discharge passed north into the Cham- 
plain valley near the south boundary of Crown Point. It is also not 
to be overlooked that a valley with much drift leads eastward to lake 
Champlain, from the head of Mason's bay. 

A curious feature that is common to both shores of the lake north 
of Sabbath Day point (and perhaps also south of it), is the presence 
of pot holes of great peffection and as high at times as thirty feet 
above the present level of the lake. These are best developed on 
Indian Kettles point, about two miles north of Hague. They are 
doubtless excavated by lateral or subglacial streams when the ice filled 
the lake valley, because in no other conceivable way could flowing 
water be forced into such unnatural situations. 

There is great need of a good hydrographic survey of the lake, and 
of detailed pilot charts, with soundings. They would be of great serv- 
ice, not alone to navigators, but to science as well. So far as could be 
learned from local fishermen, whose deep trolling for lake trout gives 
them familiarity with the bottom, there appear to be channels whose 
general trend is parallel with the long dimension ofthe lake, and which 
have precipitous sides, precisely like the valleys and gulches now vis- 
ible. The lake is relatively shallow as compared with lake Champlain. 
In lake George, the greatest depth is believed to be near "Anthony's 
Nose." and to reach 150 feet. Elsewhere the deep parts are placed at 
about 100 feet more or less. AH this, however, requires confirmation 



332 The American Geologist, November, looi 

by soundings; and with regard to the physiography one cannot say to 
what extent the bottom of the valley has been filled by drift, but the 
islands to which physiographic importance has been given by the 
speaker are rock. Richard E. Dodge, 

Secretary pro tcni. 
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Prof. W. O. Crosuy of the Institute of Technology, 
Boston, spent the summer in Arizona in the examination of 
certain mines. 

Professor J. B. Hatcher, in camp near Canyon City, Col- 
orado, has discovered the remains of another fossil animal in 
the famous bone beds of that section. 

Professor W. B. Scott, of Princeton Laiiversity, is stiil 
in South America working on the Patagonian reports. When 
last heard from he was at Buenos Ayres, examining specimens 
in the Museum of that place. — Science. 

George B. Simpson who has been connected with the 
New York state department of paleontology since 1868 and 
thousands of whose beautiful drawings of paleozoic fossils 
have been reproduced in the publications of that department, 
died Oct. 15, at Albany. 

Movements in the Rockies. "The mountains are con- 
stantly moving," was the remark of an officer of the Denver 
& Rio Grande ^oad recently in speaking of the great land- 
slides in the canyon alx>ve Glen wood Springs, Colo. **We 
find from actual experience in maintaining tunnels, bridges 
and tracks in the mountains that the mountains are nrnving. , 
It costs a railway passing through the mountains a g^eat : 
deal of money in the course of ten years to keep the tracks :n 1 
lime, and maintenance of tunnels is even more expensive. - 
Drive a stake on the side of a mountain, take the location m 
with the greatest care, and return after a few months. Thc-^ 
stake is not in the same location. The whole side of thc-^ 
mountain has moved. This exjx^riment has often lx*en triedJ" 
and in all cases the result proves that the mountains are mov- 
ing. The mountains are gradually seeking the level of the 
sea. 

While we do not agree with the last assertion that "the 
mountains are seeking sea level," there aj)j)cars no questior 
but that local movements are in progress in the Rockies anc 
the observation of the railroad surveyor is confinned b^ 
those experienced iu some of the mines. In quite a numbe- 
of mines located on fissure veins or between highly tilte^ 
strata, or in the vicinity of great faults, movemenis ha^^ 
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been for a long time observed, and sometimes of so pro- 
nounced a nature that timbers after a few years are found 
so out of place ^s to require a complete new timbering of 
J3ortions of a mine, and these movements do not seem to be 
the result as in coal mines of a creeping from excavation of 
material, but actual slipping or faulting movements of the 
nioimtain itself along certain lines, especially old fault planes 
^ind veins, the latter generally occupying fissures along fault 
1 ines. 

A notable instanc*e is in the mines of Smuggler mountain, 
.^t Aspen, Colo., where in some of the deep workings, timbers 
^wo feet thick and eight to ten feet long placed across the 
slopes are snapped in two like reeds and their ends broomed 
^ip by the overwhelming pressure and slipping movements 
of the walls. The ore bodies lie between strata almost ver- 
tically uptilted against a granite mountain or wall, and 
.abound in faults and slipping planes. These movements are 
mot the result of excavation of the ore, but appear to come 
from a general movement of the hills slipping or faulting oiT 
from the granite walll. — Mines and Minerals, of Scranton, 
Pa., for September, ipoi. 

FlELH COLI MniAN MuSEUM SIXTEENTH FrEE LeCTURE 

Course, Autumn, 1901. A course of nine lectures upon 
Sdience and Travel has been arranged by the Museum for 
Saturday afternoons in October and November at the usual 
hcur, 3 o'clock. All of these lectures will be illustrated by 
stereopticon views. The lectures are given in the Museum 
Lecture" Hall. Entrance doors will be closed at ten minutes 
past 3 ox'lock. Admission free. Subjects, dates and lectures : 
Oct. 5, Tlic Megalithic Monuments of Brittany, Dr. George 
A. Dorsey, Curator, Department of ' Anthropology, Field 
Columbian Museum; Oct. 12, Through the Arizona Canon 
and Yosemite to the Glaciers of Alaska, Dr. Edward Burton 
McDowell. Chicago; Oct. ig. The Houses and Family Life 
o{ the Natives of Sarawak, Borneo. Dr. Alfred Cort Haddon, 
F. R. S . F. Z. S., I'niversity of Cambridge, England; Ocr. 
26, The Ceremonial and Secular Dances of the Papuans, D:. 
Alfred Cort Haddon, V. R. S., F. Z. S., Univers-ity of Cam- 
bridge, England ; Nov. 2, Economic Geology, Particularly of 
Michigan, in its Relation to the Business World, Prof. Al- 
fred C. Lane, State Geologist, Michigan; Nov. 9, Color in 
Nature, Prof. William H. Dudley, Platteville, Wisconsin; 
Nov. 16, Mexico, Dr. S. E. Meek, Assistant Curator, Depart- 
ment of Zoclo^v, Field Columbian Museum; Nov. 23, Re- 
cent Dinosaur Di^c»c)veries, Mr. Elmer S. Riggs, Assistant 
Curator of Paleontology, Field Columbian Museum ; No/. 
30, Crvstals, Prof. O. C. Farrington, Department of Geology, 
Field Cohnvhian Museum. 
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Another Kansas Meteorite. Still another meteorite has 
recently been added to the list of finds and falls for which 
Kansas is beconiinjg^ celebrated. The last reported find is from 
Admire, Lyon county; a stony iron of the type referred by 
Brezina to the Rokicky group. The only other representa- 
tive of this group yet found in America, is that of Elagle Sta- 
tion, Carroll county, Kentucky. 

The date of the fall of the Lyon county specimen is un- 
known, but its badly oxidized condition indicates that it has 
been lying in the ground for many years. • 

Some twelve kilograms of the material has thus far cotnz 
into the possession of the National Museum at Washington, 
but the entire amount of the fall cannot be accurately as- 
certained. It will be knowm as the Admire meteorite. 

Difficulties of Deep Coai- Mining. In an article 
recently read before the North Staffordshire Institute 
of Mining and Mechanical Engineers (England), by 
Mr. Percy Turner upon the subject of **Coal Mining at 
Depths Exceeding 3,000 h\'et," he discusses the subject un- 
der the following heads: 1st, Increase in Temperature; 2d, In- 
crease in Pressure; y\. Winding Difficulties; 4th, Increased 
Ex|)enditurc. Mis conclusions are as follows: "The depth, 
then, to which coal mines may extend de|)ends U]X)n human en- 
durance of high temperatures, uiK)n the possibility of reducing 
the humidity and temperature of the air, and upon the liability 
to gob fires. The f)ossible working of very thick seams (from 
15 to 30 feet) appears to be less than seams up to seven feet in 
thickness. Owing to the impracticability of cmnpletely pack- 
ing horizontal thick seams, and the conse^iuent necessity of suy>- 
porting the roof with timber, and of finally allowing it to 
break dcwn, instead of settling as it would if the goaf wert» 
packed, the effect of pressure becomes a serious matter. In- 
deed at 2,000 feet the difficulties are considerable, and at a 
depth of 3,000 feet, they would probably be such as to render 
packing impracticable. 

The possible depth from which coals can be worked docs 
not appear to be limited by any consideration of a mechanical 
nature. With regard to drainage, it has been proved in most 
Cornish mines that the volume of water does not increase be- 
yond a certain point, with increased depth. The comparatively 
shallow depths intercept most of the water, leaving only a fixed 
(|uantity to deal with in the sump. In the coal fields, water is 
rarely if ever, met with at great depths. 

The limit of depth taken by Prof. E. Hull, in i860, and bv 
the Roval Coal Commission, in 1870, was 4,000 feet. Prof. W. 
( ialloway, however, savs '*it is probable that a depth of at least 
8.000 feet will be attained, even in those localities in which tht^ 
rate of increase is as much as i degree Fahr. in 60 feet." 
— Mines and Minerals. 
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RALPH DUPUY LACOE. 

By Rby. Horace Bdwin Hayobn, M. A., 
Corrcaponding Secretary, Wyoming His.t.-Geol. Society, Wilkesbarre, Pa, 

PORTRAIT. 

Mr. Ralph Dupuy Lacoe, who died at his residence in Pitts- 
ton, Penn., February 5th, 1901, was one of the few scientists in 
America who have attained distinction in his special department 
of paleontology. Indeed in this line of study the number of 
persons capable of filling his place immediately is very limited. 
Mr. Lacoe w^as born in Luzerne county, Pa., November 14th, 
1824. He was the youngest son of Mr. Anthony Desire Lacoe 
and his wife Emilie Magdalena Dupuy. His father came to 
I'hiladelphia in 1792 from his home in Havre, France, under 
the care of Francis Gurney, the eminent merchant of Philadel- 
phia, remaining with him four years to learn his business. 
Then preferring a mechanical training he bound himself to- 
leani the business of carp)enter and builder. The yellow fever, 
which in 1798 carried oflF his master's family, drove Lacoe to 
the Wyoming valley where he practised his trade with success 
until his death which occurred at the age of 103 years. The 
mother oi Ralph Dupuy Lacoe was the daughter of an intelli- 
gent and well educated Huguenot gentlemen, Jean Francois 
Dupuy, who left his home in France to live in the island of St. 
Domingo, and was driven from there by the insurrection of 
1791, locating in Wilkes Barre. Mr. Dupuy had been a man of 
wealth and high standing in his West India home. Charles 
Miner, the historian, says of him : "Jean Francis Dupuy, a 
P>ench gentlemen from St. Domingo, exiled from thence by 
the success of the blacks, a very estimable and intelligent man,. 
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who from having been a wealthy planter, was reduced for a 
time to rely on personal labour; in the Masonic Lodge he for- 
got his misfortunes, and there, and nowhere else that I ever 
saw, assumed the proper station of an intelligent French gen- 
tleman, instructing and entertaining us by his philosophical 
views, occasionally peculiar, as well as by the numerous facts 
the state of the country he had lived in enabled him to give." 

Mr. Ralph D. Lacoe had few advantages of education in his 
early youth, his mother supplying that whicli the country 
schools did not give, and with such success that before he was 
of age he taught school for a term or more in his neighborhood, 
having among his pupils the young girl who subsequently be- 
came his wife. About 1850 he and his brothers went to Nichol- 
son, Luzerne Co., where his grandfather, Jean Dupuy's land 
was located ; he invested in coal lands near Pittston, and when 
coal enterprises began to develop he engaged in the real estate 
business near Pittston, laying the foundation for his wealtli of 
land and other property. In 1850, when the Pittston bank was 
established, he became cashier, and in 1865, when the bank 
was made a National Bank, he was elected vice-president. He 
was also president of the Wyoming Valley Knitting company 
in 1874, president of the Water Street Bridge company, trus- 
tee of the Miners' Savings bank of Pittston, &c., &c. 

When about 1865 his health became somewhat impaired 
Mr. Lacoe retired from the activities of business and turned his 
attention to the study of geology, especially in connection with 
coal mining, and began to accumulate what became one of 
the largest collections of the fossil plants ever known. This 
collection was naturally divided into three departments — the 
Coal Flora, Fossil Insects of the carboniferous l)eds, and Fo^^sils 
of the Paleozoic limestone beds. 

This special study brought him reputation that has placed 
his name in the Valhalla of science with that of Lesquereux, 
Dawscn and Cope. As his collections grew in magnitude and 
value the question naturally forced itself upon him as to their 
ultimate (lisp(3siti()n. The pecuniary value of his work doubt- 
less never entered his mind. He visited many public museums 
and institutions where such collections were preserved, but was 
pained with the want of attention and care given to them and 
hesitated to place the results of his research, and his outlay of 
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money and study where they might some day be relegated to 
the shades and be forgotten. 

Wisely, he determined to give his immense collection to the 
United States National Museum at Washington where it 
would do the greatest good to the greatest number. Permit 
me to quote the account of this unsurpassed collection published 
in the ainnual report of the National Museum : In the report of 
1892. Mr. Lester F. Ward, honorary curator of this depart- 
ment, speaks thus : 

"No gift of greater importance to th€ department of fossil plants 
has ever been made than that by Mr. R. D. Lacoe, of Pittston, Pa., 
under the terms of which this great collection of fossil plants is Ik, be 
permanently deposited in the National Museum. The value of this col- 
lection, one of world-wide reputation, is far greater than that oi the 
entire amount of the collections In the department prior to the date of 
its gift. The task of procuring fossil plants from the older formations 
for use in naleontological and biological research has be«n prosecuted 
for nearly twenty years by its donor whose liberal means and scientific 
and practical mining knowledge, ,as well as his favorable location in the 
heart of the northern arthracite coal field have enabled him to bring 
together an invaluable body of material, of which prof-essor Lesqucreux 
remarked in one of his last publications, 1886:'* 

" 'Mir. R. D. Lacoe, of Pittston, has procured, from almost all the 
localities where coal is worked in the United States, an immense 
amount of specimens far beyond any seen even in the largest museums 
of Europe.' " 

"Since the above quotation was written Mr. Lacoe has continued 
his work, having several collectors in his employ in the various states 
and the Acadia provinces, a portion of the material collected having 
been examined by professor Lesquereux. Besides gathering this materi- 
al in the field he has also purchased a number of private collections, 
containing may type specimens, so that it is perhaps safe to say that 
nearly one-half of the types of the American Carboniferous flora now lie 
within the Lacoe collection. In fact, there are few outstanding Amer- 
ican types except those resting in several state geological museums. 

"But even the deficiency in the balance of. originals has largely 
been compensated for by the collection of duplicates from the type lo- 
calities, and these, like all other collections made prior to 1889, were ex- 
amined and labelled by the original author of nine-tenths of the Paleo- 
zoic species described from the United States, Leo Lesquereux. 

"How prominent a part this material has taken in both the bio- 
logical and economic applications may be recognized at a glance in the 
three volumes of the *CoaI Flora,* report P, Pennsylvania Geological 
Survey, 1878- 1884. 

"It will at once be seen that the occasion of this invaluable wealth 
of material will necessarily make this institution, as a repository of the 
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types of authentic species of nearly all the American Paleozoic species, 
the reference centre for all the extensive work on the Paleozoic flora in 
this country in future, as well as the custodian of valuable geological 
correlation data. But the proper installation in this museum of so great 
a collection, numbering about ioo,coo specimens, is a matter involving 
much embarrassment in the way of space and study facilities, it being 
agreed in the terms of the gift that this collection, to be kept entire and 
known as the 'Lacoe Collection,' shall, together with all the future ad- 
ditions, either by exchange or gift of the donor, be kept in order and 
made accessible to scientists and students, without distinction, under 
such proper rules and restrictions as may be necessary for the preser- 
vation from loss or injury of the specimens. 

**The area required for the type specimens, making no allowance for 
increase, amounts to over i,ooo drawers the size in ordinary use in the 
museum. The exhibition material will occupy about 2,100 square feet. 
* * * * This rich possession affords just ground for national scien- 
tific pride, while the liberal public spirit with which it was gi\cn is 
worthy of imitation by all patrons of science." (Report of 1892, iSik) 

In 1896 professor G. Browne Goode, assistant secretary of 
the Smithsonian Institution, said of Mr. Lacoe's gift: 

"The transfer of the magnificent Lacoe collection from Pittston, 
Pa., the residence of the donor, to Washington was completed during 
the present year. It was included in 315 boxes. * * * It is not too 
much to say that the National Museum has never received a gift of 
greater scientific value or importance than that acquired through the 
generosity of Mr. Lacoc." (p. JZ-) 

The number of original Paleozoic plant types in the museum 
prior to the reception of this gift was 102, the number in Mr. 
Lacoc's collection 575, the numl^er of specimens 100,000. Mr. 
Lacoe continued until his death to enrich this spelndid collection. 
In 1898 he presented to the National Museum an exten.^ive 
collection of fossil insects, of more than 200 types and nearly 
5000 specimens. He also added over 100 invertebrate fossils, 
over 400 vertebrate fossils, and 132 fossil plants. Of the main 
collection, 804 fossil plants from the Dakota group were de- 
scribed with plates. by Prof. Lesquereux in Monograph X\TI 
of the V . S. Geological Survey. Among the fossil plants, 
Lesquereux named in honor of Mr. Lacoe eight' types, /. r., 
Phyllitcs lacoci. Magnolia la<:occana, Crataegus lacoei,Jnglond- 
ifcs lacoci, Caiiloptcris lacoci, Cordaites lacoci, Lepidostrcbus 
lacoci, and Stcmmatoptcris lacoci. Mr. David White has also 
named two types after Mr. Lacoe, Sphcnoptcris lacoci, and 
Alacthoptcris lacoci. In his latest MSS., yet unpublished, Mr. 
White names a new genus, Lacoea. 
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Mr. Laxroe preferred to be student rather than a writer, but 
he has left the seal of his authority as an expert in his special 
department. Prof. J. P. Lesley, state geologist of Pennsyl- 
vania, in his geological report of Wyoming, Lackawanna and 
Luzerne counties. Vol. G7, Pennsylvania Survey, gives him full 
credit and the highest praise for his assisstance to the survey. 
In referring to the "Buried Valley of Wyoming'' he savs : "I 
am indebted for most of the records of drilling by the various 
mining companies to Mr. R. D. Lacoe of Pittston, who has done 
so much through his magnificent collections to advance our 
knowledge of the coal flora of Pennsylvania and other states." 

Prof. Scudder, in his valuable work on American Fossil 
Cockroaches, 1895, says: "When in 1879 I published my Pal- 
eozoic Cockroaches, in which a revision of the species of the 
whole world was attempted, I had seen but nineteen specimens 
from North America belonging to seventeen species and seven 
genera. To-day more than three hundred American specimens 
have passed under my eye, besides fifty from the Triassic 
rocks and a ver>' few from the Tertiary series, and from the 
Paleozoic series alone there are here recognized one hundred 
and thirty-two species belonging to fourteen genera. This re- 
cent extension of our knowledge of our Paleozoic cockroaches 
is very largely due to the exploitations of two localities — one 
in West Virginia, through the instrumentality of Mr. R. D. La- 
coe of Pittston, Pa., the other in Ohio, through the labours of 
Mr. Samuel Huston of Steubenville, the West Virginia collec- 
tion numbering 56 species and 5 genera." Prof. Scudder also 
describes 18 specimens of as many species in Mr. Lacoe's col- 
lection found by him in the Boston mine near Pittston. One 
of these was named in honor of Mr. Lacoe, ''Ncymylacris 
lacoeana/' 

Mr. Lacoe was a Fellow of tlie American Association for the 
Advancement of Science, elected to membership August, 1882, 
and made a Fellow of the American Geological Society Decem- 
ber, 1889. It was tliought that he was also a member of the 
Geological Society of London. 

In 1882 Mr. Lacoe became a member of the Wyoming His- 
torical and Geological Society located at Wilkes Barre within 
ten miles of his home. His interest immediately manifested 
itself in a practical way by adding to its geological collections. 
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He became a trustee of the society in 1882 and continued one 
until 1889. He was also curator of paleontology in the society 
from 1884 to 1899, ^^^ fifteen years, when he was succeeded, 
at his own request, by Prof. Joshua L. Welter, the pres- 
ent curator. He became a life member February 8th, 1889. 
In 1898 he presented the society the three large case? of 
drawers of one hundred each which now contain the coal fiora 
of the society, had them moved and placed in position, added 
largely to the specimens now forming the collection, and person- 
ally arranged them in the drawers. Of these specimens many 
have been identified by Prof. Lesquereux, whom Mr. Lacoe 
brought to the rooms for the purpose when he was visiting 
him in Pitts ton. 

Of tliis collection Mr. Lacoe stated in his report as curator 
in 1886: "Many of the genera are well represented in typical 
series, some of which are very fully illustrated by large and 
fine specimens. A moderate outlay of money and well directed 
efforts on the part of members and friends of the society would 
in a short time add greatly to the value and usefulness of your 
collection, which already ccmpares favorably with the best in 
in the countr}-." (Proceedings, Vol. IT, 160.) 

Mr. Lacoe also largely aided in forming a model case in the 
geological room of the society, illustrating the "crust of the 
earth," showing its geological strata from the Archean to 
the Cenozoic age, a practical exemplification of the geological 
e|X)chs for the use of the public schools of his section. He 
did not spare his own collection of fossils to enrich this model. 
In 1899 ^^^ presented this society with a fine collection of Pal- 
eozoic invertebrates numbering over 1,200 species and ^ 5^^ 
specimens. This collection I had the great pleasure of packing, 
removing, and arranging, with the curator of paleontology, in 
the cabinet made for it, and marked, "Lacoe Collection of Fos- 
sils." A catalogue of these Fossils was published in the "Pro- 
ceedings and Collections &c." of the society, 1900, Vol. V, pp. 
177-204. It was also printed in a separate pamphlet entiiled. 
"Report of the Curator of Paleontology on the Lacoe Collection 
of Fossils, 8vo., pp. 28, 1900." 

Mr. Lacoe was married in Pittston by the Rev. X. G. Parke. 
D. D., April 26, iSfx), to Miss Bridget Clary, who died 
October 31, 1872. He had four children — Josephine, who died 
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early ; Margaret Clar>', now Mrs. I» S. White, of Rock Island, 
Illinois; Ralph Diigue, of West Pittston, and William Clary, 
who died young. 

Mr. Lacoe was a devout Christian, baptized by Rt. Rev. 
Wm. B. Stevens, LL. D., 1866, confirmed by him in St. 
James' church, Pittston, and for many years a member of the 
vestry. He was also, in 1883, ^"^ ^^ the organizers, and for 
years junior warden and treasurer of Trinity church, West 
Pittston. He was a loyal and generous churchman, liberal in 
his gifts, and faithful to the dear mother by whose beautiful 
ritual he was laid to rest. Mr. Lacoe was also a generous pro- 
moter of the Pittston Library, and in many ways, known only 
to the few, he delighted to aid and assist worthy objects in his 
town, and worthy young men to better things and nobler lives. 

Mr. David White, honorary curator of Paleozoic plants 

(Lacoe Collection), U. S. National Museum, and an intimate 

personal friend of Mr. Lacoe, writes thus enthusiastically of 

Mr. Lacoe's relations to science. 

"By the death of Mr. Lacoe science and scientists have lost a 
worthy and devoted friend of rare quality and strength of character. 
Mr. Lacoe's position in the scientific world was somewhat unusual. He 
was an authority on the geology of the northern anthracite coal feld; 
his extensive knowledge in the domains of fossil plants and fossil in- 
sects was recognized on both sides of the Atlantic ; his experience and 
observations were well supplemented by reading, and his opinions, 
'vhether concerning the structure and correlation of the Wyoming Valley 
coals or touching the problems of systematic paleontology, were often 
sought and always highly valued by specialists in paleozoology and 
paleobotany. Yet he never published more than one short article; he 
never described a single genus or species. So modest and unassuming 
was he, so small an estimate had he of his own ability and attain- 
ments, and so wholly wanting was he in the love of the notoriety of 
authorship, that he transferred to others for description and publica- 
tion the new genera and species which he, while posing as a layman, 
was an expert in detecting. Always desiring that the fossils in his 
collection should be systematically labelled at the hands of the highest 
American authorities on the subject, he was accustomed, even to the 
last, to submit his specimens to others for study and determination. 
Even among the numerous representatives of the commonest and most 
easily recognized species, there are in his great collection comparatively 
few specimens whose labels show Jiimself to have been the authority 
for their determination, although in the latest years of his studies of 
fossil plants he was himself fully competent, as far as knowledge and 
experience are concerned, to have determined, described and published 
the greater part of his paleobotanical material. 
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To the scientific world in general, beyond the circle of his personal 
friends and acquaintances. Lacoe was widely known as a promoter or 
patron of science; and it was in this capacity that he did his greatest 
and best work. The occasional collecting of fossils, begun as an out- 
of-door recreation l)cneficial to his failing health, quickly developed 
a profound and enthusiastic interest in th plant-life of earlier geological 
time and the remarkable discoveries resulting from paleontological re- 
search. At first he made extensive collections of coal plants from the 
Wyoming Valley coal field. Realizing at an early date the very great 
handicap to the progress of paleontology resulting from the enormous 
labor and expense of exhuming, intelligently collecting and bringing 
the raw fossil material to the hand of the paleontologist, he choso, for 
his i)art and service, to promote the advancement of science by gather- 
ing the materials for and facilitating the work of the paleontologist. 
Accordingly, he began systematically to procure, through the aid of 
collectors, by purchase, exchange, or with his own hands, collections 
to show the i)lant life in various geological epochs, but chiefly Paleo- 
zoic, in different countries and continents, as well as from the coal 
fields of this country. Becoming interested in the occasional remains 
of insects, which, very rare at best, are seldom discovered except in 
their natural association with fossil i)lants. Lacoe also entered upon the 
systematic collection of fossil insects and Crustacea as well." 

"Lacoe's aid to science did not end with collecting the fossils and 
placing them in the hands of the appropriate specialists. Whenever a 
paleontologist was so situated as to be dependent on his daily labt.r for 
his livelihood, Lacoe made it possible for him to carry on his researches 
in the material placed in his hands. In many additional ca.ses the ex- 
pense of preparing suitable drawings, so essential in paleontological 
publications, was also Iwrne by him. It deserves to be added, to the 
diserrace of a State great in many respects, that in order that the inval- 
uable data of the Lacoe collections relating to the geographical and 
stratigraphical distribution of the species might be included and made 
available in the Pennsylvania state geological report on the Coal F'.ora : 
that the stratigraphic and correlative values of the species mighr be 
ascertained and the described species made satisfactorily recogni;'.able 
by means of adequate illustration, Lacoe largely bore the expenses of 
the paleontological study of the collections and guaranteed the compen- 
sation for a part of the illustrations. He was further the benefact it of 
the State through the presentation of extensive series of specimens 'o its 
geological museum. He was also iK^afing the expense of the pileon- 
tological study and of the preparation of manuscript and illustrations of 
the materials to form a supplementary volume of the Coal Flora to be 
published by the State, when the failing health and death of Frof. 
Lesnuereux left the work incomplete. Before the resumption and com- 
pletion of the work the state survey was alK)lished." 

Single handed and with but slight aid among his friends, Lacoe 
quietly did for science a work of a kind that is rarely prosecuted cx- 
cq)t by the wealthier universities, endowed scientific societies, or special 
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scientific institutions. His extreme modesty regarding the impoirance 
and value of his collections, and the patriotism shown in the disposition 
of the results of so great personal labor and care, are a moral object 
lesson to wealthy patrons of science. 

"The greatest and most enduring monument to Lacoe's devotic n to 
and work for science is the Lacoe collection. Carefully guarded against 
danger or deterioration, it will be increased in numbers from time to 
time by exchanges or additional gifts. Visitors to the paleontological 
halls of the Nation's Museum may see an exhibit comprising a small 
portion of the more imperishable and attractive specimens of 'The La- 
coe Collections,' the greater number studied and identified by the fore- 
most paleontologists of the time. Its types, from the hands of Lesque- 
reux, Dawson, Scudder and Cope, will be consulted and re-examined by 
the savants of paleontology for centuries to come. Students of life dis- 
tribution, climate and of evolution will review its suites of specimens, 
and their records will supplement the records of the great paleontolo- 
gists of the past who have participated in its original elaboration. These 
records are in the paleontological literature of every land ; and n bile 
there shall remain a literature or a human interest in paleontology, the 
name and scientific service of R. D. Lacoe will be perpetuated. The 
collection tells its own history; it tells of its author's intense interest 
and devotion, and of his great personal labors and aid in behalf of 
paleontology and geology ; by the notes and inscriptions, the patient 
and lo\-ing care in registration, the comments and remarks it tells of 
its relations to the students, of congenial scientific discussions, and of 
warm and lasting friendships between paleontologist and patron, welded 
on the fossil anvil. The best, the most lasting scientific memorial of 
our friend and fellow is the great Lacoe collection." 
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THE LOESS OF IOWA CITY AND VICINITY.* 

By B. Shimbk, Iowa City, Iowa. 

The loess of Iowa City presents no unique features. It is of 
the type which prevails in the eastern part of the state, being' 
fine and homogeneous ; found chiefly on highlands, especially in 
its undisturbed condition, and following their vertical contours^ 
thus varying but little in thickness which seldom exceeds 
twelve or fifteen feet; containing both tubules and loess-kind- 
chen in the usual varying proportions ; and more or less fossil- 
iferous. It has been quite fully discussed by McGeef. Lists of 
the fossils which are found about Iowa City have already been 
published,^ and it is not the purpose of this paper to oflfer 
much that is new in this direction, but rather to present a de- 
tailed account of the habits of the local modern molluscs, and 
their bearing on the loess. 

In probably no other locality in the country have these mod- 
em and loess faunas been studied side by side more fully than 
at Iowa City. Besides the early work of Witter, and that of 
Keyes (chiefly upon State University Museum specimens col- 
lected and identified by the writer), the efforts of Pilsbry and 
Bayard Elliott were especially noteworthy, though the former 
published but little, while the latter made no permanent record 
of his observations, but submitted a part of his collection to 
the present author, who has been engaged in loess and moQusc 
studies with more or less interruption for many years, and has* 
gathered together great numbers of both fossil and modem 
forms which bear on this question. 

The lists representing these faunas are therefore more 
plete than is possible where resident observers are not ei 
in the investigation of both branches of the subject, and this 

*Bxcerpt from the Kulletin of the Laboratories of Natural History, SteHI 
Unlvetaity of Iowa, toI. v; No. 2, pp. 195-216. 

iU. S. Geol, Sur., vol. xi, pt. i. 1891. 

$W. J. McGrb. /. c; C. L. Wbbstbr. Am. Nat , May; 188T p. 41S; A 
Shimbk. Am. Geol., vol. i. pp. 149-152, 1888; Bull. Lmb. Nmt, rlft,» M|^ 
Univ. la., vol. i, pp. 200-209, 1890; etc. 
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fact, coupled with the comparative richness of both faunas^ 
makes a comparison of them especially interesting and sug- 
gestive. Since all of the fossils which have been found at 
Iowa City are molluscs, and belong with few exceptions to the 
local modern molluscan fauna, a study of the habits of the liv- 
ing species is of the highest importance because of the light 
which is thus thrown upon the conditions which existed during 
the deposition of the loess. The species included in this list 
are therefore grouped according to habit in order that com- 
parisons and conclusions may be facilitated. All notes on dis- 
tribution, etc. of both modern and fossil shells in the following 
list have reference to the vicinity of Iowa City only, unless 
otherwise specifically stated. "Western loess'' means that of 
western Iowa and eastern Nebraska. The material was abund- 
antly collected and studied in the field by the author, and is 
now in his private collection. 

The names of the local fossil (loess) species are preceded 
bv two asterisks. Those which have been found fossil in the 
loess in other localities, but not at Iowa City thoug^h now found 
living here, are marked by one asterisk. The latter series does 
not however include all the species of the modem fauna of 
Iowa City which were reported in the earlier Missouri and 
Nebraska lists of loess fossils, as no specimens are extant and 
the species are not now known to occur in undoubted loess. 
The species Uving near Iowa City but not represented in the 
loess are unmarked. The territory covered by this report is 
included within a radius of six miles from Iowa City. 

RECENT AND FOSSIL ]\TOLLUSCS AT IOWA CITY. 
I. Spec[es here found only as fossils. 

**PYRAMinULA SHIMEKII (PUs.) SJliw. 

Quite common in the loess of Iowa City, which furnished 
the tyi>e specimens. A more complete discussion of this sj>ecies 
is given on pp. 139-145 of this Bulletin. 
**Pyramidula strigosa iowensis Pils. 

This variety is now extinct. All other forms of this ex- 
tremely variable species however belong to the dry western 
plateaus and mountains. It is locally quite common in the 
loess, and the type specimens were from this locality. 

**PUPA MUSCORUM (L.) . 
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Now living in the U. S. from Maine to Montana, thence 
to Xevada. Also in Europe. \ot rare in the loess. 
**P[[>A nr.ANDi (Morse) Binii. 

Two specimens were recently found in the loess near Iowa 
City. Tt is not rare in the western loess, and is found living 
from New Mexico to Montana. The shells usually formerly 
reported under tins name are BHidaria pcntodon{?). The 
ea.sternmost localities from which fossils have been received 
are Muscatine and Stockton in Muscatine county. Iowa, They 
were erroneously reported as P. witsconiin.* 
**\'.\I.T.<).\IA (IR.VriLICllSTA Rdiili, 

Quite common in the loess. It is common in western and 
nrrthwestern Iowa, and thence westward, where it lives in 
high, dry situations. Its easternmost known station in Iowa is 
in Winni'hago county. 
■■*Src<[M:.\ gr(jsvi-:norii Lea. (.') 

.\ form rcferalilc to this spccLcs is quite common in the 
local loess. The specie.s now lives abundantly in the South, 
and in Xehraska and western Iowa, and is uniformly found 
(so far as the writer's experience shows) in situations which 
arc exiHiscd to severe drouth during at least a ]x>rtion of each 
year. 

The Succineas of this group, both recent and fossil, re- 
quire further elaboration. 

It is interesting to note that the foregoing species, now 
extinct at Iowa City, all belong to the modem terrestrial fauna 
of the dry west, from Montana to New Mexico, and that only 
two species extend eastward as far as Iowa. 

2. Tkkrestri.m, si'kcies, now livi.\g at Iowa City. 
0. Species of higher, more or less exposed, and ofte 
rocky slopes. 

*\'Ai,L(I.NiA I'ARVfLA Slfrki. 

Common on exposed nx-ky slopes, hence occurring tn 
scattered colonies. Rare in the loess of western (owa. 
*Li:icociiE[T.A KALL.w {Siiy) Try. 
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Locally common on higher exposed slopes, chiefly under 
fragments of limestone. Rare in the loess of western Iowa 
and eastern Nebraska. 
**BiFiDARiA ARMiFERA (Say) Stcrki, 

Very common. Most frequent on more or less exposed 
slopes under limestone, among roots of grasses, etc. Some- 
times also in deeper shade, and occasionally on lower grounds^ 
under logs, etc. Rare in the loess at Iowa City, but very com- 
mon in the western loess at Coimcil Bluffs, Iowa. 

*BlFlDARIA HOLZINGERI (StCfki ) . 

Quite common under stones, etc. on exposed hillsides. 
Rather rare in western loess. 
**BiFiDARiA PENTODON (Say) StcrkL 

Quite common on rather of)en rocky slop>es, sometimes on 
lower grounds, under stones, etc. As a fossil this species is^ 
widely distributed, and in this locaility is very common. 
*BiFiDARiA cuRViDENS (Gld.) StcrkL 

Not uncommon. It is rare in the loess of the west and 
south, but has not been found fossil at Iowa Citv. 
*BiFiDARiA coRTiCARiA (Say) Stcrki 

Common in a few restricted localities among the roots of 
tufted grasses, etc. growing on exposed rocky slopes. Not 
found in the local loess, but reported from Des Moines by 
Keyes, from Muscatine by Witter and from Illinois by Lev- 
erett. It is not rare in the loess of Natchez, Miss. 
*PoLYGYRA LEAi (Ward) PUs. 

Found here under sticks, etc. on slopes near a prairie 
swamp. Also more rarely on scantily wooded slopes. Rare 
in the loess of the west, etc. 
*SucciNEA A VARA Say. 

Not rare on more or less exposed rocky slopes. This is 
the small, typical form which is now found on low grounds. 
The same form occurs abundantly as a fossil, being one of the 
most characteristic species of the loess. It occurs in all the 
fossiliferous exposures near Iowa City, being the only fossil 
found in some of them. 

**VlTREA INDENTATA (Say) PUs, 

Not rare on rocky slopes. This, and the following species,, 
also occur on lower grounds, but both are mpre common on. 
drier slopes. Rare in the loess. 
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**Z0NIT01DES MINUSCUr.US (Binii.) Pits. 

Common under stones, etc. on higher slopes, and under 
stick's, leaves, etc. on lower g^rounds. Rare in the loess. 

b. Species of higher, more deeply shaded (often mossy 
and rocky) banks and slopes, sometimes in deep 
woods. 
**Helicina occulta Say. 

This species, though a prosobranch, is strictly terrestrial 
in its habits. It is found living in but one locality, a steep, 
rocky northern slope near Turkey creek, six miles north of 
Towa City, the locality in which it was first discovered by the 
writer about twenty-two years ago. It is quite abimdant in 
this very restricted locality, being foimd under stones and 
fallen leaves. It is very common in the loess, and is found in 
nearly all the exposures. The body-whorl of the fossil shell 
sometimes still contains the operculum. 

The writer recently found this species (living) common 
on the rocky slopes along Pine Hollow creek in Dubuque 
county, and Little Turkey river and Jts small tributaries in 
Clayton county, Iowa localities not hitherto reported. 
•*PoLVCYi{A PROFUNDA (Say) PUs. 

Common under sticks, stones, leaves, etc. on higher 
shaded slopes. It is found in but one loess -exposure in this 
vicinity, but is very common in the loess of Natchez, Miss. 
*PoLVCYRA CLAi'SA (Say) Pits. 

Widely distributed in deeper woods near Iowa City, but 
nowhere common. As a fossil it is rare, occurring occasion- 
ally in more southerly loess. None have been found at Iowa 
City. 

*POLVGYRA HIRSLTA (Say) Pils. 

Locally quite widely distributed in deeper woods, though 
never gregarious. Fossil shells are found sparingly in the 
western loess at Council Bluffs, Iowa. 

•POLYGYRA MONODON' (Rack.) PUs. 

This species is very similar to the preceding in its habits, 
and in the distribution of both the recent and fossil forms, 
both, however, being rather more abundant. Neither has been 
found fossil at Iowa City, though their discovery would not be 
surprising. Common in the loess at Natchez, Miss,, and also 
fossil in Indiana. 
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*StHOBILOPS VIRGO (PiU.) . 

Locally common on rocky, shaded slopes. It is occasion- 
ally found fossil in the western loess. This has ordinarily 
been reported as Strobila labyrintkica Say. 
Vertigo milium (Gld.) Binn. 

Not common, on mossy banks and slopes. Not found fos- 
sil. Its minute size might easily cause it to be overlooked. 
**Vertigo ovata Say. 

Rare, on mossy, shaded banks, sometimes on lower grounds. 
Somewhat more common as a fossil, occurring sparingly in 
several of the exposures. 

*VeRTIGO BOLLESIANA (MorSC.) 

Rare, on mossy banks, usually in shady places. It is rare 
in the western loess. 
♦Vertigo tridentata H'olf. 

Locally common, usually on rather exposed rocky, moss- 
covered banks. Found sparingly in the western loess. 

**C0CHI.IC0PA LUBRICA (Mull.). 

Rare on rather open slopes, etc. It is more common as 
a fossil, but is one of the rarer species of the local loess. 
*ClRCINAKIA CONCWA (Say) Pi!s. 

Widely distributed on shaded, especially rocky, slopes, but 
not gregarious. It is not found in the local loess, but is quite 
common southward. It is one of the common fossils at 
Natchez, Miss. 
**Coni;lus fulvus (Drap.) Miill. 

Not uncommon on shaded slopes in moss, and under sticks, 
leaves, etc. Fossil shells are not rare, and as a rule are better 
developed than the modern specimens. 
*ZoNtToiDEs ARBOREus (Say) Stcrki. 

Very common, usually under logs in high or low places, 
and not uncommonly in comparatively open woods. It can 
not yet be reported from the local loess, but has been found 
by Prof. Savage in the loess of Henry county, Iowa, and it is 
not rare in the western loess. 

**PVRAMIDULA ALTERN.\TA (Say) PiU. 

Locally common, usually on higher, deeply-shaded slopes 
under l<^, stones, leaves, etc. Not common in the loess at 
Iowa City. 
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**Pyramidula perspectiv'a (Say) Pils, 

Common on shaded banks, etc. under decaying logs. This 
species is not generally distributed in the loess, though it is 
very common at Natchez, Miss. At Iowa City it occurs rather 
abundantly in but one exposure. 
**Helicodiscu§ lineatus (Say) Morse. 

Scattered specimens are not infrequent. Th^y are usually 
found in deeper shade under sticks and logs. Fossil shells 
are quite rare. 
*PuNCTUM PYGMAEUM (Drap.) Bifin. 

This minute shell is easily overlooked, but is quite com- 
mon under sticks and fallen bark on northerly shaded slopes, 
and among clumps of hazel, etc. on lower grounds. The au- 
thor collected fossil shells in the loess of Natchez, Miss., but 
none have yet been found in the northern loess. 
**Sphyradium edentulum alticola (Inger.) Pits. 

While this form scarcely deserves rank as a variety, the 
name is here retained to designate the common loess fossil 
which is identical with recent shells (commonly known under 
the varietal name) which are now found in Wyoming, Col- 
orado, etc. This form is much elevated, and has a distorted 
body-whorl, which destroys the symmetry of the otherwise 
almost perfectly cylindrical shell. Typical edcntiilnm is ex- 
actly like the upper part of the shell of the variety and is a less 
fully developed form. An occasional shell of the varietal form 
is found eastward with the type. Speaking of the recent shells 
Dr. Sterki says :* "There are, among the common form, high 
specimens with narrower penultimate and wider last whorl, 
found everywhere occasionally in this countr>^ as well as in 
Europe ; and thus P. alticola Inger.f is not even a true var. 
here." 

However in the Rocky Mountain region the variety is the 
common form, and it is likewise generally distributed through 
the northern loess, belonging to the category' of the most com- 
mon and most characteristic loess fossils. 

Only two recent specimens have thus far been taken at 
Iowa City. As both are rather young shells it is impossible 
to determine whether they are the t\'pe or the variety. As the 

•Nautilus, vol. vi, pp. 6 and 7, May, 1882. 

tFir«t described ns Piipilla alticola Ingersoll, in Bull. U. S. Geol. Svr. of the 

Tcr , 2. p. 128. 1875. 
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distinction between them, however, is not worthy of main- 
tenance, they are here grouped together. 

c. Terrestrial species of lower, shaded, alluvial 
grounds, under sticks, leaves, etc. 
**Poi!ygyra multilneata {Say) Pits. (Large form). 

Two forms of this species occur here. The larger, the 
more common form, lives on wooded alluvial bottom-lands 
which are not too dry, and may be found abundantly creeping 
or hiding among the smaller plants, under fallen leaves, etc. 
Four fossil specimens only were found in one of the expos- 
ures at Iowa Citv, and it is rare in the loess of the Missouri 
river in eastern Nebraska. The smaller form, discussed un- 
der (rf), is much more common in the loess. 
*BiFiDARiA CONTRACTA (Say) Stcrki, 

Very common on rather low grounds, under logs, etc., 
sometimes ascending to higher slopes. Absent from the local 
loess and rare westward. It is more common in the southern 
loess. 
BiFiDARiA PROCERA (GId.) Stcrki. 

Only one local specimen was collected on raithjer low 
ground. Westward this species is quite common in drier sit- 
uations, under sticks and leaves in clumps of bushes, etc. None 
have yet been found in the loess. 

**VlTREA HAMMONTS (StfOm.) PUs, 

This name is used for the species commonly known as 
Zonites viridulus Mke. on the authority of Pilsbry. Binney 
refers Helix hamnwnis Strom, to Zonites fabricii Beck, — a 
species from Greenland.* Our species is quite common under 
logs, etc. on rather low, more or less wooded, grounds. Rather 
rare in the local loess, but more common westward. 
**Pyramidula striatella (Anth.) Pits, 

Quite common on scantily timbered alluvial bottom-lands, 
under logs, fallen leaves, etc. Also on higher slopes. As a 
fossil it is very common, and is widely distributed, appearing 
almost universally in our northern loess deposits. Fossil eggs, 
agreeing exactly with recent eggs of this species, are also fre- 
quently found. 
**SucciNEA OBLiQUA Say. 

Very common under leaves, etc. on timbered alluvial bot- 



•W. G. BiNNBV, Terr. Air Breath. Moll. U. S., vol. v, p. 127, 1878. 
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tom-lands. Westward the species frequently s^pears <m higher 
grounds. Quite common as a fossil. 
♦Carychium exiguum (Say) Gld. 

This species is cc»nmon in damp places on rather lorn 
grounds, under logs, etc. No local fossil specimens have* been 
found; but the species is rare in the western loess. 
♦PdMATiopsis LAPiDAiaA {Soy) Try. 

Locally common with Pyramidula striaiella. This spedes, 
like Helidna otculta is a gill-bearing mollusc, yet it is strictly 
terrestrial in its habits. The author has collected living sped- 
mens in widely separated sections of (he State, and found the 
habitat uniformly the same. Not found in the local loess, but 
reported from Memphis, Tenn.,* from MisscMirif and from 
Arksuisas.:]: 

While the spedes of this group are more common cm lower 
grounds, most of tbem occiasicmally appear on higher slopes. 
Thus Polygyra multilineata (medium sized), Bifidqria con- 
traeta, Vitrea hammonis, Pyramidula striaiella aand Sucdnea 
obliqua are very common on a rather scantily wooded, rocky, 
steep slope in Iowa City at an altitude of from twenty-five to 
seventy-five feet above the Iowa river. Most of these species 
also occur sparingly at higher altitudes in the western part of 
the State. BiMaria contracta is so common in such situations 
in all parts of the State, that it might well be classed in group 
(b), 

d. Species of mud-flats, edg^ of swamps, etc. 

ZONITOIDES NITIDUS (Mull.) St. 

This species is locally not uncommon under sticks and 
leaves in low, wet places. It has not been found in the loess. 

**POLYGYRA MULTILTNEATA (Say) PUs. 

The smaller form, already mentioned, is not uncommon 
along the edges of a prairie swamp near Iowa City. It is al- 
most exactly like the locally more common fossil form of this 
species. This small form is also common in other portions of 
the State, — especially westward. 

*SUCCTNEA RETUSA Lca. 

This species is now common on mud, etc. amcxig plants in 
swampy places. The large variety nvagisier Pils. is th e com- 

•JAMBS M. S afford: GeoL Tenn.. p. 434. 1869 RcDortMl »• ^-.^iZTT 
|R. B. Call: Rep. Ark. Geol. Sur., vol. ii, pp 166. 167 and 179. 
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mon form. A few fagmentary specimfens of young shells from 
the loess of Nebraska are in the writer's possession. They are 
probably young shells of the variety. None have been found 
at Iowa City. 

**SUCCINEA Sp. ( ?). 

A rather large Succinea, which has not yet been satisfac- 
torily placed, is quite common on bare mud-flats along streams, 
and also occurs in the local loess. In some respects it is inter- 
mediate between S. avara and S. obliqua, sometimes approach- 
ing the smaller, more slender forms of the latter spedes quite 
closely. 

The foregoing species are wholly terrestrial in habit, and 
moreover, with few exceptions flourish in comparatively dry 
situations. While all require a certain amount of mbisture 
when active, the lower surface of a fallen leaf, a stick, or a 
stone, even in a comparatively exposed place, furnishes all that 
is necessary. 

The following summary of the preceding notes is of inter- 
est: 

Species found at Iowa City only as fossils * 6 

Species found here both living and fossil 19 

Species now found living here, but occurring as fossils in the 

loess of other localities 19 

Species living here, but not yet reported from the loess 3 

Total 47 

These shells represent more than 90% of the fossils in the 
loess, and, the fossil fauna so far as it occurs, is very similar 
to the living surface fauna. The latter is richer in species, 
but this difference may be only apparent. A dlose study of 
the local living fauna shows that species frequently occur in 
very restricted areas. Different parts of the same slope, often 
but a few feet apart, not infrequently show much variation in 
the distribution of species. When we take this peculiarity 
of distribution of land-shells into account with the compara- 
tively very small total area of all the loess exposures of this 
vicinity, we can readily see that the opportunities for finding 
the recent shells are much better. 

While, as stated, the great majority of the local loess fos- 
sils belong to the preceding list of terrestrial forms, a few ad- 
ditional species of aquatic habit are also sparingly found. In 
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no case, however, are they generally distributed in the loess, 
aind with the possible exception of Limnaea caperata and L, 
humilis, very few individuals are found. In order that the 
comlparative scantiness of the fossil aquatic molluscan fauna 
may be more fully appreciated a list of the local aquatic species 
is here given. Those which also occur in the local loess are 
marked by two asterisks, and those which are positively known 
as fossils only from other localities are marked by one asterisk. 
2. Aquatic species now living at Iowa City. 

a. Species of smaller ponds, etc., which often become 
dry in summer. 

*Limnaea reflexa Say. 

Common some years in shallow ponds. Not found in the 
loess of Iowa and Nebraska, but reported from Missouri by 
Hambach.* 

**Limnah:a caperata Say. 

Locally very common. As a fossil it occurs In but fev/ 
exposures, and in these is usually restricted to narrow bands 
or pockets, in which it is quite abundant. 

**LiMNAEA HUMILIS Say. 

Very coinmon in shallow ponds, or on mud-flats. As a fos- 
sil it occurs with the preceding species, and is even more com- 
mon. 

**LlMNAEA DESIDIOSA Say {?) . 

Some of the smaller fossil shells of Limnaea may belongs 
to this species. It is probably found in the loess westward, 
though in some cases at least the fossils reported under this 
name undoubtedly belong to the preceding species. Common 
in shallow ponds. 

**Physa gyrina Say, 

Very cbmmon in shallow ponds. Two very small speci- 
mens, probably this- species, were found in the loess at Iowa 
Citv. 

PhYSA INTEGRA Hold. 

Very common in ponds, etc. Hitherto reported as P, 
hetcrostropha Say. In a very large series of shells from 
Iowa and Nebraska not one specimen of the latter species 
was found. 



*Geol. Sur. of Mo., Bull. No. 1, p. 82, April, 1890. 
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Physa sayi Tap, 

Quite commion locally. None fossil. 
Planorbis campanulatus Say. 

Rare locally in ponds. None fossil. 
*Planorbis trivolvis Say. 

Very common in shallow ponds. Reported from Mis- 
souri, but, if occurring at all, certainly not common. 
*Planorbis bicarinatus Say. 

Common in shallow ponds. One fossil specimen was 
collected by Prof. Beyer at Ames, and the species has been 
reported from the loess of Tennessee.* 
Planorbis exacutus Say. 

Lcctally common in shallow p>onds. 

* Planorbis parvus Say. 

Very common in ponds, etc. Rare in the western loess. 

* Planorbis albus Mud J. 

Quite rare in rather more permanent ponds. Prof Ud- 
den collected one specimen in the loess of Milan, 111. 
Planorbis dilatatus GId. (?). 

Locally rather frequent. None fossil. 
*Segmentina armigera (Say) H. & A. Ad. 

Common in ponds. Reported from the loess of Missouri, 
but not known as a fossil in Iowa and Nebraska. 

AXCYLUS DIAPHANUS Hold. 

Common on sticks, etc. in more permanent ponds. 

•^\\\LVATA TRICARINATA (Say). 

Quite common. It also occurs in deeper ponds. Prof. 
Udden collected it in the loess of Milan, 111., and it is re- 
ported from Missouri. It is, however, very rare as a fossil. 
PisiDiuM coMPRESSUM Prime (?). 

A few valves of this, or a closely related species, were 
found in the local loess. The species is now common, es- 
pecially westward, in small prairie streamlets, etc. 

All but the last two species in this list are air-breathing 
fomis. The last one is a bivalve. 

b. Species of deeper ponds, bayous, etc. 

GASTEROPODS. 

BiTHYNELLA OBTUSA {Lca) St. Quitc common. 
Am NICOLA ciNciNNATENsis (Autli.). Very common. 

•Saffobd, Geology of Tenn , p. 434-, 1869. 
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Amnicx)la limosa (Say) Hald, Quite common. 
Valvata bicarinata {Lea). Rather rare. 

LAMELLIBRANCHS. 

Sphaerium rhomboideum {Say). Pr. Quite common. 
Calyculina partumeia {Say). Common. 
Calyculina secure {Prime). Not common. 
Calyculina transversa {Say). Very common. 
PisiDiUM abditum Hald. Very common. 
Unio* subrostratus Say. Quite common. 
Anodonta grandis Say. Common. 
Anodonta imbecilus Say. Common. 

f. Species of the larger creeks and the river. 

G.\STEROPODS. 

Pleurocer.\ subulare {Lea) Try. Common. 
SoM.\TOGYRVS suBGLOBOSus {Say). Common 

S0M.\T0CYRUS INTEGER X-S'ay) Bitttt. 

C.\mpelom.\ svbsoudum {Anth.) Call. Very common. 

C-\mpelom.\ Two other possible species. 

LioPLAX si'BC.\RiN.\T.\ {Say) Tros. Not common. 
.\xcylvs RTVUL-Mtis Say. Verj- common. 

LAMELLIBRANCHS. 

Sphaerivm siLCATiM (Lam^ Pr. Very common. 

Sphafrum SOLIDILUM t^/V.) Quite common. 

Sfh vEKii M STRIATINIM ( Z.JW » Pr. RathcT frequcnt. 

I' MO AESOFi'5 G<^.\'n, Cv.xi'.mor.. 

I' MO Ai.An< >Jv Common. 

I'mo A\or\>Nrv^:rE> Lcji. Common. 

I'mo OAiw >^jr^\'tt. Rather rare. 

I'mo v\\v:nfv< riilS Common 

I'mo vVsm rv< 5.:-» .v 'Ju e o.'^mm.on. 

I'mo :v\ vo:>vkm:< J.oj C--*- v^^mm.on. 

I ' \ :o iri?F N ;• > .' i- j Rare 

I n:.^ yiiv vn> J.,.; Cor:r:or 
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Unio rectus Lam. Common. 

Unio rubiginosus Lea. Not rare. 

Unio securis Lea. Rare. 

Unio spatulatus Lea. Rarther common. 

Unio tenuissimus Lea. Rare. 

Unio trigonus Lea. Very common. 

Unio tuberculatus Barnes. Very common. 

Unio ventricosus Barnes. Very common. 

Unio undulatus Barnes. Quite common. 

Unio verrucosus Barnes. Rare. 

Margaritana com plan ATA Bames. Common. 

Margaritana hildrethiana Lea. Locally common. 

Margaritana margin ata Say. Rather rare. 

Margarirnana rugosa Barnes. Quite common. 

Anodonta edentula Say. Common. 

Anodonta ferussaciana Lea. Not rare. 

Probably other species of Anodonta occur. 
A summary of the aquatic species here listed presents the 
following results : 

Aquatic species found here both living and fossil 5 

Aquatic species living here and occurring in the loess elsewere. 7 
Aquatic species of the occurrence of which in undoubted loess 
no record exists 66 

Total 78 

It will be observed that the proportion of local aquatic 
shells found in the loess, here or elsewhere, is comparatively 
insignificant, and what is true of species applies with even 
greater force to individuals. The fossil shells of aquatic 
spedies, with the two exceptions already noted, occur very 
sparingly indeed. The writer's own sets of these fossils, 
a part of the fruit of twenty years of careful search, form 
such an insignificant part of his collection that they seem 
scarcely worthy of serious attention. But it will be further no- 
ticed that even these aquatic fossils belong to the fauna of the 
small pond or streamlet which may, and often does, remain 
dry during the greater part of summer, and that their pres- 
ence in no wise proves that large bodies of water existed 
where the loess was deposited. Indeed the total absence of 
species which are truly fluviatilc, or which at least prefer 
larger bodies of water, would point to the contrary condu- 
sion. These fluviatile species arc today very abundant in this 
vicinitv, and their shells are, for the most part at least, quite 
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heavy, and often large. Had large streams or other bodies 
of water existed where the loess is deposited, thus furnish- 
ing conditions favorable to this fluviatile fauna, it is reason- 
able to suppose that some of these shells would be found fos- 
sil today to relate the story of the conditions under which 
they existed. Yet no such evidence has ever been found in 
undoubted undisturbed loess, and the conclusion that such 
bodies of water did not exist where loess is now found is 
irresistible. Indeed the molluscan fauna of the loess points 
to comparatively dry, upland, terrestrial conditions such as 
exist over the greater part of Iowa today. It suggests land- 
surfaces clothed with vegetation oflfcring shelter and food 
to terrestrial snails, — a vegetation developed under medium 
conditions of moisture and temperature such as exist here 
today. 



PROF. W. H. BARRIS. 

By C. n. Prhst»»x. .M. I). 
PORTRAIT. 

Willis llervey Ikirris, D. D., scientist, educator and church- 
man, died at his home in Davenport, Iowa, June loth, 1901, 
having almost completed his eiglitietli year. Senior priest of 
the Episcopal Dicx^ese of Iowa and Curator of the Davenix)rt 
Academy of Science at the time of his death, the close of a long 
and useful life found him still at work, as always, to the ex- 
tent of his strength, in llie conscientious discharge of duty. 

liorn in Beaver county, Pennsylvania, July 9, 1820, he 
cntere<l Alleghany college. Meadville, I Pennsylvania, at the 
age of fourteen; received the degree of A. !>. in 1839, and 
com|)lete(l a ])ost graduate course in civil engineering in 
1841. In 1854 his alma mater conferred on him the degree 
oT A. M. His career in Alleghany college said its piesi- 
dent, Dr. lUiker, "Was ecpially hrnorable to the college and 
to himself." lie was "an excellent scholar in every dc- 
partnuMit of the college course," with a "decided penchant 
for scientific pursuits." At the age of twenty-one he en- 
tered ui)on a course of theological study and was graduated 
from the General Theological Seminary, New York Ciiy — 
the oldest Protestant-l^piscopal theological school in the 
United States — in 1850. 
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was made a trustee of this institution at its first meeting, and 
was active in its support through life. Elected president in 
1876, in 1890 he took up the work of caring for its museum 
and correspondence laid down by his friend, curator Pratt, 
and despite an affection of the eyes, at times excruciatingly 
painful, discharged faithfully the onerous duties of the 
place to -within a few days of his death. 

The loving regard in wfhich he was held by his asso- 
ciates in the academy was thus expressed in resolutions of 
respect to his memory : *'Of a gentle and scholarly disposi- 
tion, holding close and loving communion with nature's vis- 
ible forms and their informing Spirit, he had neither time 
nor inclination for business strife with his fellow men. The 
soul of kindliness in every relation of life, he made each one 
who came to know him a friend." To the writer, who knew 
him well, he embodied the highest ideal of kindly, courteous 
and Christian manhood. In him were united a soul pure as 
a child's, the modesty of great wisdom, and the simply dignity 
of a gentleman of the old school. 

Davenport, lozva, October 21, 1901. 



A SECTION OF THE UPPER ORDOVICIAN AT 

VEVAY, INDIANA. 

BUGAR R. CUMINGS. 
PLATES XXXIV AND XXXV. 

The detailed section described in the present paper is pub- 
lished, without the faunal lists, in a paper by the writer, in the 
Proceedings of the Indiana Academy of Science for 1900. It 
is proposed here to supplement the stratigraphic details already 
^iven, by an analysis of the faunas.* 

The section begins at the level of the Ohio river at Vevay, 
Indiana, and includes beds ordinarily correlated with the Utica 
and Iv<)rraine of the eastern United States. The lowest expos- 
ures oclnir at the foot of a glen or run of>ening out on the 
flood plain cf the Ohio river, upon which the city of Vevay is 
built, at the head of ''Main cross'' street, just east of the or- 
|)lian as\ lum. The section extends up the glen to near the toj> 

• The identifications of the Bryozoa liffted in this paper arc invariably based 
upon thin sections. 
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At Iowa City he made a close study of the Hamilton and 
other Devonian rocks. At Burlington he found a rich field 
in the crinoids and other fossils of the Burlington limestone, 
of which he made a large and valuable collection, discovering^ 
many new species. Some of these are described in his own 
written contributions to science; others, by his permission,, 
were named and described by Dr. Hall, Mr. Wachsmuth, Dr. 
Knapp and other, leading geologists, who personally ac- 
knowledged the value of his work. Many of the new forms 
described and pictured in Wachsmuth and Springer's great 
work on the crinoids, were first discovered by Dr. Barris. 
Through Wachsmuth also, many specimens were sent to the 
British Museum, in acknowledgment of which a copy of the 
beautiful "Catalog^ie of the Blastoidea" (Etheridge and Car- 
penter, London, 1886) was sent to him by the trustees of 
the museum. Next to Wachsmuth, Dr. Barris is named first 
among the scientific friends at home and abroad to whom 
its authors express their indebtedness. 

In the summer of 1866, professor and Mrs. Louis Agussiz 
visited Burlington purposely to see the Barris collection of 
crinoids, and were so delighted with it that negotiations 
were opened at once and it was purchased for the museum 
at Cambridge. In a subsequent letter professor Agassiz 
writes: "I owe it to you to say that I shall treat this col- 
lection with all the regard which it deserves, and that I 
shall take good care to have the scientific world know and 
understand that while it will become an ornament to the 
museum at Cambridge, it is yet entirely your work. Every 
specimen shall be furnished with a label stating that it once 
fonned part of your collection, and I believe I am within 
bounds in saying that it will commemorate your scientific 
zeal and ability as surely as it would remaining in \our 
possession. Allow me to request you, therefore, not to feel 
as if you had parted witli your interest in science, but on the 
contrary to continue your efforts in a direction in which you 
have thus far l)een so eminently successful." 

On removing to Davenport Dr. Barris still kept up his 
geological studies, contributing, from time to time, valuable 
articles for publication, cliictly in the Proceedings of the 
Davenport Academy of Science. He became a member and 
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was made a trustee of this institution at its first meeting, and 
was active in its support tlirough life. Elected president in 
1876, in 1890 he took up the work of caring for its museum 
and correspondence laid down by his friend, curator Pratt, 
and despite an affection of the eyes, at times excruciatingly 
painful, discharged faithfully the onerous duties of the 
place to -within a few days of his death. 

The loving regard in w'hich he was held by his asso- 
ciates in the academy was thus expressed in resolutions of 
respect to his memory: **Of a gentle and scholarly disposi- 
tion, holding close and loving communion with nature's vis- 
ible forms and their informing Spirit, he had neither time 
nor inclination for business strife with his fellow men. The 
soul of kindliness in every relation of life, he made each one 
who came to know him a friend." To the writer, who knew 
him well, he embodied the highest ideal of kindly, court^'ous 
and Christian manhood. In him were united a soul pure as 
a child's, the modesty of great wisdom, and the simply dignity 
of a gentleman of the old school. 

Davenport, lozva, October 21, 1901. 



A SECTION OF THE UPPER ORDOVICIAN AT 

VEVAY, INDIANA. 

Edgar R. Cumings. 
PLATES XXXIV AND XXXV. 

The detailed section described in the present paper is pub- 
lished, without the faunal lists, in a paper by the writer, in the 
Proceedings of the Indiana Academy of Science for 1900. It 
is proposed here to supplement the stratigraphic details already 
given, by an analysis of the faunas.* 

The section begins at the level of the Ohio river at Vevay, 
Indiana, and includes beds ordinarily correlated with the Utica 
and Lx)rraine of the eastern United States. The lowest expos- 
ures, octur at the foot of a glen or run opening out on the 
flood plain cf the Ohio river, upon which the city of Vevay is 
built, at the head of '*Main cross'' street, just east of the or- 
phan asylum. The section extends up the glen to near the to]> 

•The identifications of the Bryozoa lifted in this paper arc invariably based 
upon thin sections. 
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of the hill. For the upper members (Platystrophia zone) the 
exposures along the road (not the toll road) over the hill back 
of Vevay were used. This part of the section includes fifty or 
more feet (zones a to h) above zone 86 of the main section.* 

Section in ascending order. 

No. I. The first division, 100 feet thick, contains no exposed rock. 
No. 2. Very soft bkie shale at mouth of ravine. No fossils, 6 feet. 
No. 3. Dark blue limestone containing Dalmanclla multisecta Meek 

and Plectamhonitcs sericcus Sowerby, in fair abundance. The 

limits of this exposure are very small, 6 inches. 
No. 4. Shale, 45<2 feet. There is very little variation in the character 

of the shale beds throughout the section. 
No. 5. Limestone of the same character as number 3, 10 inches. The 

following fossils were collected from this layer : 

1. Coeloclcma altcniatum (James). 

2. Callopora oncalli-sigillaroidcs (Nicholson). 

Very small form. 

3.' Bytliopora arcdpora (Nicholson). 

4. Dalmanclla multisecta (Meek). 
No. 6. Shale, 4 feet. 
No. 7. Limestone mottled with argillaceous spots. 5 inches. 

1. Batostoma implicatum (Nicholson). 

2. P,eronopora I'cra. t 

3. Dalmanclla multisecta (Meek). 
No. 8. Shale, i foot. 

No. 9. Thin layers of fine-grained, compact limestone, i foot. 

1. Callopora onealli-sigillaroides (Nicholson) (aa). 

2. Batostoma implicatum (Nicholson) (c)§. 

3. Stictoporella sp. 

4. Ostracod indt. 

5. Cyrtolites cf. inornatus (Hall). 

6. Dalmanclla multisecta (Meek) . 

No. 10. Shale with occasional thin uneven layers of limestone, 2 feet 

3 inches. 
No. II. Limestone mottled with argillaceous material, 3 inches. 

1. Callopora onealli-sigillaroides (Nicholson). 

2. Callopora sp. probably nodulosa (Nicholson). 

3. Batostoma implicatum (Nicholson). 

4. Peronopora vera. 

♦The main section is section 1.38A of the paper reli-rred to above, and the 
upper zones yu to h) constitute the upper portion of section 1.38B of the same 
pjifjcr. 

t.\ fraj^incnt labeled 7*. vera by Mr. Ulrich. in the Penbody Museum of Yale 
University. h;is lieen sectioned by the writer; and .-ilthoiijifh the worn condition 
of the specimen made it impossible to ^et a tan^ental sertion very near the 
surface yet there is little question of the specific identity of the Vevay speci- 
mens and the /'. vera of Mr. I'lrich. 

8C — Common; a— abundant: aa— very abundant; aaa — so abundant as to 
fill the rock; r — rare; rr — a sini^le specimtn. 
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5. Coeloclema alterndtum (James) (a). 

6. Bythopora arctipora (Nicholson) (c). 

7. Leptotrypa cf. Calceola (MiHer & Dyer) (rr), a fragment 
from which the shape of the zoarium could not be made 
out. The internal characters are those of the species 
calceola. 

8. Dekayella ulrichi (Nicholson) (c). Large form. . 
9 Dalmanella multisecta (Meek) (c). 

10. Plectambonitcs sericeus (Sowerby). 

11. Zygospira modesta (Hall). 

12. Calymene callicephala (Green). 

13. Proctus sp. 

14. Conchiolitcs sp. 

15. Crinoid segments of several species, (c) This layer is 
probably the equivalent of the base of XI h of Ulrich's 
Cincinnati section. 

No. 12. Shale with occasional thin lavers of limestone, 6 feet 4 inches. 
No. 13. Compact limestone, 5 inches. 

1. Coeloclema alternatum (James) (c). 

2. Bythopora arctipora (Nicholson) (c). 

3. Callopora onealli'Sigillaroides (Nicholson) 

4. Dekayella ulrichi (Nicholson). 

5. Arthropora sp. 

6. Leptotrypa sp. 

7. Callopora one alii- communis (James). 

8. RaHnesquina alternata (Con.). 

9. Dalmanella multisecta (Meek). 

10. Calymene small fragment. 

11. Zygospira modesta Hall. 

12. Batostoma implicatum (Nicholson). 

13. Crinoid segments. Heterocrinusf 
No. 14. Shale, 5 inches. 

No. 15. Compact limestone, 6 inches. 

1. Eridotrypa vevayensis n. sp. 

2. Dekayella obscura Ulrich. 

3. Callopora onealli var. 

4. Bythopora sp. 

5. Escharopora acuminata (James) ? 

6. Dekayella ulrichi (Nicholson). 

7. RaHnesquina alternata (Conrad). 

8. Dalmanella multisecta (Meek). 
No. 16. Shale, 2 feet 6 inches. 

No. 17. Limestone, 3 inches. 



I 

2 

3 
4 



Callopora onealli-sigillaroides (Nicholson). 
Batostoma implicatum (Nicholson). 
Peronopora vera. 

Bythopora arctipora (Nicholson). 
Dalmanella multisecta (Meek). 
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ft, RiiUntiguina alternata (Cot 

7. Zygoipiro modesta Hall. 

8. PUclambonites sericeui (Sowerbv) (rr). 

9. Calymene callicephala Greeii, 
10, CrirnMd s 

No. 18. Shale. 7 feet. 
1 No. 19, 'Thin layers of limestone, intercalated with HaXt, I foot, 
Peronapora v 
Bylhopora sp. 

3. Dalmanelia mulliieeta (Meek) (aa). 

4. Rafineiguina altfmata (Conrad). Small form. 
5' Zygospira cincinnaticnsis (Jar 

6. DalnwneUa emactrala Hall. 

7. . Crania jcabiosa Hall. 

8. Crinbid Rtems (imall). 
No. aa Sbale, 7 inches. 

No, 21. Limestone, 3 inches. 

I- Caelocletna coneeitlricum (James) (aa). , 
a. Cattapora onealli-tigiUaroides (Nicholson). Large Stems 
' possibly var. CommtiNu. 

3. Bylhopora arclipora (Nicholson). 

4. Dekayrlla ulricki (Nichobon). 

5. Datmanella emaeerala Hall (c). 

6. Zygospira modesta Hall (rr). 

7. PUctOTthis sp. (rr). 

8. Acidaspis fragments (c), 

9. Calymene callkcphala Green. 
No, 23. Shale, 2 feet 6 incheis. 

No. 23. Crinoidal limestone, 7 incites. 

1. Coelocicma concentricmn (James) (r). 

2. Callopora onealli-commanis (James), 

3. Bylhopora arclipora (Nicholson) (c). 

4. Batostoma impUcatum (Nicholson). 

5. Feronopora vera ? 

6. Dalmanella etnacerata HaH, 

7. Zygospira cincinnatiensis Meek. 

8. Dalmanella muitisecta (Meek). 

9. RaAnesquina alternala (Conrad). 

Fragment. 

10. Calymene callkephata Green. 

11. TrtHucleus concenlricus Eaton. 

12. Plumutiles sp. 

13. Crinoid segments (aaa) 

This layer is probably the equivalent of the 120-foot level 
of Ulrich's serfion at Cincinnati. 
No. 24- Shaly limestone, 5 feet 4 inches. 

1, Ceramoparetla ohioensis (Nicholson) (c). 

2. distincia Ulrich (r). 



upper Ordovician at Vevay, Ind, — Cumings, 365 



3. Callopora onealli- communis (James) (c). 

4. Bythopora arctipora (Nicholson). 

5. Coeloclcma sp. (rr). 

6. Batostoma implicatum (Nicholson) (rr). 

7. Peronopora dccipiens (Rominger) (r). 

8. Dekayella ulrichi (Nicholson) ? 

9. Dalmanella emacerata Hall (r). 
Zygospira cincinnatiensis Meek (r) 
modesta Hall (c). 



10. 
II. 
12. 

13. 
14. 
15. 
16. 



Acid as pis ceralepta. Meek. 

— fragment of another species. 



Plumulites sp. 
Arthropora sp. 
Calymene callicephala Green. 

17. Asaphus sp. fragments (c). 

18. Heterocrinus segments. 

No. 25. Dark crystalline limestone. Few identifiable fossils. 4 inches. 

No. 26. Shale with thin layers of limestone, 6 feet 3 inches. 

No. 27. Sandstone, 4 inches. 

No. 28. Shale, 8 inches. 

No. 29. Limestone with argillaceous material in spots, 7 inches. 

1. Coeloclcma fragment. 

2. Callopora sp. probably one alii- communis (James). 

3. Atactoporella sp. cf. ncwportensis or typicalis. 

4. Arthropora sp. 

5. Dalamanclla multisecta (Meek) (a). 

6. RaHnesquina alternata (Conrad). Very fine striae. 

7. Zygospira niodesta Hall. 

8. Retsia (?) granulifcra Meek (rr). 

9. Anodontopsis fragment. 

10. Acidaspis fragments. 

11. Plumulites sp. 

12. Crinoids stems. 
No. 30. Shale, i ft. 8 in. 
No. 31. Limestone. 4 in. 

1. Coeloclcma sp. 

2. Ceramoporella ohiocnsis (Nicholson). 

3. Peronopora vera. 

4. Callopora onealli var. 

5. Batostoma implicatum (Nicholson). 

6. Aspidopora sp. 

7. Hcterotrypa cf. solitaria Ulrich (rr). 

8. Escharopora acuminata (James). 

9. Dalmanella multisecta (Meek) (aaa). 

10. RaHnesquina alternata (Conrad). 

11. Zygospira modesta Hall. 

12. Trinucleus concentricus Eaton (rr). 
No. 32. Thin limestone and shale 2 ft. 4 in. 
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1. Callopora onealli sigillaroidcs (Nicholson). 

2. Bythopora arctipora (Nicholson). 

3. Dekayella ulrichi (Nicholson). 

4. Batostoma implicatum (Nicholson). 

5. Dalmanella multisecta (Meek.) 

6. Zygospira modesta Hall. 

7. RaHnesquina alternata (Conrad) (r). 

No. 33. Hard limestone. Fossils nearly all fragmentary. 

1. Callopora sp. small form. 

2. Bythopora arctipora (Nicholson) (c). 

3. Batostoma implicatum (Nicholson) (rr). 

4. Dalmanella multisecta (Meek) (aaa). 

5. Zygospira cincinnatiensis Meek. 

6. Calymene callicephala Green. 
No. 34. Shale 2 ft. 

No. 35. Bryozoal limestone 5 ft. 

1. Dekayella ulrichi (Nicholson) (a). 

2. Dalmanella multisecta (Meek) (aaa). 

3. Asaphus fragments (c). 

No. 36. Shale and thin limestones, 2 ft. 6 in. 

No. S7- Bryozoal limestone in thin layers. 2 feet, 6 inches. 

1. Dekayella ulrichi (Nicholson) (aa). 

2. Coeloclema concentricum (James) (a). 

3. Leptotrypa clavis Ulrich (r). 

4. Callopora onealli (James) var. 

5. communis (James). 

6. Batostoma implicatum (Nicholson). ? 

7. Zygospira cincinnatiensis Meek. ? 

8. Zygospira modesta Hall. 

9. Crinoid segments (aa). 
No. 38. Shale 5 ft. 

No. 39. Crinoidal limestone, 8 in. 

1. Callopora onealli-communis (James). 

2. Dekayella ulrichi (Nicholson) (c). 

3. Crinoid segments (aaa). 
Shale 3 ft. 
Limestone, 2 in. 

Batostomu sp. 

Dekayella ulrichi (Nicholson) (c). 

Callopora onealli-communis (James). 

Bythopora arctipora (Nicholson). 

Asaphus fragments. 

Crinoid segments. 
Shale 3 ft. 

Layers of calcareous sandstone, 6 in. 
Shale. 2 ft. 3 in. 
Thin layers of limestone, 5 ft. 
I. Coeloclema sp. 



10 in. 
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2. Peronopora decipiens (Rominger). 

3. Callopora onealli-communis (James). 

4. Bythopora arctipora (Nicholson) (r). 

5. Ceramoporella ohioensis (Nicholson). 

6. Dekayella ulrichi (Nicholson). 

7. Arthropora sp. 

8. Zygospira cincinnatiensis Meek. 

9. Dalmanella multisecta (Meek). 
10. Zygospira modesta Hall. 

No. 46. Shale 2 ft. 

No. 47. Yellowish limetsbne, 3 in. 

No. 4S. Shale, i ft. 

No. 49. Coarse-grained limestone, 6 in. 

1. Coelocletna sp. 

2. Arthropora sp. 

3. Acidaspis sp. 

4. Callopora oncalli var. 

5. Dalmanella multisecta (Meek) (aaa). 

6. RaHnesquina alternata (Conrad) (c). 
No. 50. Shale 2 ft. 8 in. 

No. 51. Gray limestone, 3 in. 

1. RaHnesquina alternata (Conrad) fragments (aa). 

2. Dekayella ulrichi (Nicholson) (c). 
No. 52. Shale, 10 in. 

No. 53. Limestone, 3 in. 

1. RaHnesquina alternata (Conrad) fragments (c). 

2. Dalmanella emacerata Hall (r). 

3. Crinoid segments (c). . 
No. 54. Shale, 6 in. 

No. 55. Coarse-grained crystalline limestone, fragments of DalmaH' 

ella multisecta and RaHnesquina alternata abundant, 6 in 
No. 56. Covered. Probably limestone, 25 ft. 

No. 57. Compact limestone Dalmanella multisecta abundant, 7 in. 
No. 58. Covered. 2 ft. 
No. 59. Dark drab limestone, 4 in. 

1. Peronopora decipiens (Rominger). Large form; very 
thick cell walls, numerous mesopores and acanthopores. 

2. Dekayella ulrichi (Nicholson). 

3. Callopora onealli var. 

4. Dalmanella multisecta (Meek.) 

5. RaHnesquina alternata (Conrad) fragments. 

6. Zygospira modesta Hall. 
No. 60. Covered, 8 ft., 8 in. 

No. 61. Limestone, i ft., 2 in. 

1. Callopora cf. ramosa or dalei. 

2. Dalmanella multisecta (Meek) (aaa). 
No. 62. Covered, 8 in. 

No. 63. Bryozoal limestone, 6 in. 
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1. Dekayella ulrichi (Nicholson). 

2. Callopora ef. ramosa (d'Orbigny). 
3- Zygospira iitodeita Hall. 

4. Platysirophia biforata (Schlotheim). 

Very small imperfect specimens, nearest to var. dfniala. 

Base of plalystrophla zone. 
No. 64. Covered, 6 fl. 
No. G5. Thin-bedded bryozoa! limestone, 8 ft. 

1. CailopOTa ramosa (d'Orbigny). ? 

2. Dekayella ulrichi robusta Foord. 

3. Platysirophia biforata (Schlotheim). Small form, near- 

est to dcatata, 

4. Hcrbertella occidenlalis sinuata Hail. 

No. 66. Thicker-bedded, light gray limestone, containing fragments 
of Rafinesquina allcrnala in abundance. Zygospira modesta com- 
mon, 1 foot. 

No. 67. Covered, I foot 8 inches. 

No. 68. Coarse grained limestone. Rafiiicsquina allernata abundant. 

No. 69. Shale, 6 inches. 

No. 70. Fine-grained limestone, containing Zygospira modesia Hall. 

3 inches. 
No. 71. Covered, 3 feci. 
No. 72. Coarse-grained, crinoidal limestone. RcHnesguina allcrnala 

eommnn, 4 inches. 
No. 73. Limestone, 1 foot ^ inches. 

1. Plalystrophia biforata (Schlothem). Small form with 17 
plications (the normal number) on the ventral valve. 

2. Rdincsquiiia alternala (Conrad). Very thin form. 

3. Escbaropora pavoaia (d'Orbigny). 

4. Coiistcllaria constellala (Van Cleve). Large specimens. 

5. Bali'sloina sj>., probably new. 

No, 74. Coarse-grained litneslone, 3 to 8 inches. 

No. 75. Covered, 6 inches. 

No. 7(1. Compact limestone. RaAncsqiiiiia common, 4 inches. 

No. 77. Covered. 3 feet 8 inches. 

No. 78. Lime.-^lonc with RafiiH-sqitina and Bryojoa, S inches. 

No. 79. Argillaceons-arcnaccous, thin imcstone. Some covered, 14 

feet. 
No. So. Argillaceons-arenaceoiis limeslom-, 4 inches. 
No, 81, Covered. 3 feet 3 inches. 
No, »2. Yellow sandstone. 4 inches. 
No. 8.1, Thin irregular limestone, 6 inches, 

I, Plalyslrophia biforala tSchl.) 

■2. Conslcllaria constellala (.Van Clove). 
No. 84. Thin-bedded limestone containing Platyttrophia biforata 

(Schl.). 
No,l^,..yidJi.l\- Iirginaccni^ >and<tone, 4 inehes, 
Nd.-S-, ' I.itfii'iijtAic wilh Platysirophia and 1 1 d'crtflla tinuata, 6 fecL 
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The remainder of the Platystrophia beds is, as stated above, 
from the exposures along the road a short distance from the 
upper exposures of the section just described. The zone which 
io here 40 to 50 feet thick is divided arbitrarily into eight 
equal sub-zones for the purposes of analysis of the faunas. 
These sub-zones are lettered a to h from the base up. Litho- 
logically they vary but little, there being somewhat more sandy 
material in the lower layers and a greater percent, of argilla- 
ceous material further up in the section. All the layers are 
very thin and irregular and easily disintegrated constituting 
on the whole an extremely shaly limestone. 

The faunas of these sub-zones are as follows: 

Zone a: 

1. Homotrypa curvata Ulrich (aa). 

2. Ceramoporella ohioensis (Nicholson).* 

3. Peronopora decipiens (Rominger). 

4. Dekayia sp. 

5. Heterotrypa inHecta Ulrich. 

6. Dekayia asp era E. & H. 
Callopora subplana Ulrich. 
Callopora rugosa (E. & H.). ? 
Bythopora sp. 

Escharopora pavonia (d'Orbigny). 
Escharopora falciformis (Nicholson). 
Platystrophia biforata-lynx (Eichwald). 
Platystrophia biforata-dentata Meek. 
RaHncsquina alternata (Con.). 
Plectorthis plicatella Hall. 
Hebertella occidentalis-sinuata Hall. 
Acidaspis sp. 
Heterocrinus sp. 
Cyclora minuta Hall. 



7. 


8. 


9. 


10. 


II. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


Zone B 


I. 


2. 


3. 


4. 


5. 


6. 


/• 


8. 


9. 


10. 


II. 


12. 



Ceramoporella ohioensis (Nicholson) (c). 
Bythopora delicatula (Nicholson). 
Callopora rugosa (E. & H.). 
Escharopora pavonia (d'Orbif^ny). 
Monticulipora mammulata (d'Orbigny). 
6. Escharopora falciformis (Nicholson). 

Constellaria constellata (Van Cleve) Dana. 
Petigopora asperula Ulrich. 
Rafincsquina alternata (Con.) typical (a). 
Zygospira modesta Hall (a) 
Hebertella occidentalis-sinuata Hall (c). 
Plectorthis plicatella Hall. 
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13. Platystrophia hioforata-lynx. (Eichw.). 

14. Megambonia jamesi Meek. 

15. Modiolopsis nwdiolaris (Conrad) (c) 

16. Cyclonetna bilix (Conrad). 

17. Asaphus sp. 

18. Crtnodd segments (c). 

19. Calymene callicephala Green. 

Zone c: 

1. Heterotrypa frondosa <d'Orbigny). 

2. Nicholsonella vaupeli (Ulrich) (c). 

3. Monticulipora molesta Nicholson. 

4. Ceramoporella ohioensis (Nicholson). 

5. Petigopora asperula Ulrich. 

6. Escharopora falciformis (Nicholson). 

7. Crania scabiosa Hall. 

8. Zygospira modesta Hall. 

9. Platystrophia biforata-lynx (Eichw.). 

10. Platystrophia biforata laticosta (Meek). 

11. Plectorthis plicatella Hall. 

Zone d: 

1. Amplexopora Uliosa (d'Orbigny). 

2. Heterotrypa frondosa (d'Orbigny). 

3. Dekayia sp. 

4. .Callopora ramosa (d'Orbigny). 

♦5. Escharopora falciformis (Nicholson). 

6: Petigopora asperula Ulrich. 

7. Ceramoporella sp. 

8. Hebertella occidentalis-sinuata Hall. 

9. Zygospira modesta Hall. 

10. RaHnesquina altcrnata-fracta (Meek). 

Zone e: 

1. Callopora rugosa (E. & H.). 

2. Petigopora asperula Ulrich. 

3. Ceramoporella ohioensis (Nicholson). 

4. Escharopora falciformis (Nicholson). 

5. Heterotrypa frondosa (d'Orbiprny). 

6. Peronopora decipiens var. 

7. Monticulipora molesta Nicholson. 

8. Bythopora delicatula (Nicholson). 

9. Bythopora gracilis (Nicholson). 

10. Petigopora petechialis (Nicholson). 

11. Atactoporella sp. 

12. Proboscina auloporoides (Nicholson). 

13. RaHnesquina alternata (Con.) (c). 

14. Hebertella occidentalis-sinuata Hall (a). 

15. Platystrophia biforata-lynx (Eichw.). 

16. Zygospira modesta Hall (aaa). 

17. Rafinesquina altcrnata-nasuta (Con.). 
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18. Cyclora minuta Hall. 

19. Crania scabiosa Hall. 

20. Conchiolites sp. 
Zone f: 

1. Callopora ramosa (d'Orbijrny) (c). 

2. Callopora rugosa (E. &H.) (c). 

3. Bythopora delicatula (Nicholson). 

4. Petigopora petechialis (Nicholson). 

5. Ceramoporella ohioensis (Nicholson). 

6. MonticuHpora molesta (Nicholson). 

7. Peronopora decipiens (Rominger). 

8. Hehertella occidentalis-sinuata Hall (aa^. 

9. Platystrophia biforata-laticosta (Meek) (aa). 

10. Platystrophia hiforata-lynx (Eichw.). 

11. RaHnesquina alternata-fracta (Meek). 

12. Zygospira modesta Hall. 

13. Plectorthis plicatella Hall. 

14. Megambonia sp. 

15. Calymene callicephala Green. 
Zone g: 

1. Callopora rugosa (E. & H.). 

2. Bythopora cf. delicatula (Nicholson). 

3. Platystrophia biforata-lynx (Eichw.). (aa). 

4. Hebertella occidentalis-sinuata Hall (aa). 

5. RaHnesquina alternata-ponderosa* (aa). 

6. Plectorthis sp. probably plicatella. 

7. Zygospira modesta Hall. 

8. Crania scabiosa Hall, 
Zone H : 

1. Heterotrypa proHHca Ulrich (c). 

2. Nicholsonella vaupeli (Ulrich) (aa). 

3. Ceramoporella ohioensis (Nicholson). 

4. Peronopora decipiens (Rominger) (c). 

5. MonticuHpora molesta (Nicholson) (a). 

6. Bythopora gracilis (Nicholson) (c). 

7. Homotrypa curvata Ulrich. ? 

8. Heterotrypa frondosa (d'Orbigny). 

9. Callopora rugosa (E. & H.) 

10. Callopora ramosa (d'Orbigny). 

11. Heterotrypa inHecta Ulrich. ? 

12. Petigopora petechialis (Nicholson). 

13. Bythopora delicatula (Nicholson) (a). 

14. Petigopora asperula Ulrich. 

15. Petigopora sp., form with diaphragms ad large acanlho- 
pores. 

16. Spaiiopora maculosa Ulrich. 



•This name "u«ed by collectors" ha«« no technical standinif, but might very 
vrcll be adopted for the massive thick shelled raSaesquinas occurring so abund- 
antly in the 'lynx" beds. 
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17. Prohoscina auloporoides (Nicholson). 

18. Platystrophia hifrata-lynx (Eichw.). 

19. Platystrophia biforata-laticosta (Meek). 

20. Hebertella occidetanlis-sinuata Hall. 

21. Zygospira modesta Hall. 

22. RaHnesquina alternatd-ponderosa. 

23. RaHnesquina altemata-nasuta. (Con.). 

24. Crania scabiosa Hall. 

25. Conchiolites sp. 

26. Cyrtolites inornatus Hall. 

27. Megambonia jamesi Meek. 

In addition tp the species in the above lists, a miscellan- 
eous collection from zones a to h, inclusive, contains -the 

following species: 

1. Heterotrypa paupera (Ulrich) 

2. Dekayia magna n. sp. 

3. Dekayella cystata n sp. 

4. Amplexopora septosa (Ulrich). 

5. Dekayia pelliculata Ulrich. 

6. Callopora andrewsi (Nicholson). 

7. Homotrypa obliqua Ulrich. 

8. Batostoma varians (James) ? 

9. Prohoscina frondosa (Nicholson). 

10. Trent atis sp. . 

11. Bcyrichia chamhcrsi ? 

12. Stomatopora iniiata (Hall). 

13. Pled or this ella Hall. 

14. Orthocrcas sp. 

It is of interest to compare this section with that of Ulrich* 

at Cincinnati, especially since the latter is the type section for 
this part of the Upper Ordovician of the Ohio valley. 

These two sections (Cincinnati and Vevay) may be tabu- 
lated as follows : 

Tabulation of Ulrich's Section at Cincinnati. 
Platystrophia lynx and numerous bryozoa. 

Callopora raniosa, C, rugosa, Bythopora jzracili:^, 
Hetcrotrvpa inflecta, Pcronopora compressa, 
Dekayia appressa, etc., A mbonychia jamesi, etc. ^y^n j, 

Strophomcna nasuta. 




Stropbotnena ponderosa. 



AtactoporelUi rnundula, Constellaria constellata. 
Lcptotrypo discoidca, hscharopora paron/a, l-y-TT g 
Plectortliis plicatel/a. P. ella, Cyclonema bilixy l^ 
Platystrophia crassa, Anodontopsis unionoides. \ 






•Am, Geol., vol. i, pp. 305-315; toI. ii, pp. 39-'i4. 
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310' 

285' 
265' 
260' 
180' 



120' 

80' 

60' 

50' 



357' 



302' 

290' 
260 

240 



196' 
190' 



144' 
126' 



25' 



20' 

'5'" 

80' 



60' 



40' 
20' 
lb'" 
56'* 



55' 



12' 
30' 



20' 



44' 



6' 
46' 



44' 



Strophomena planoconvexus. 

Fossils rare. Worn specimens of Orthis testudin- 

aria. 
Homotrypa curvata^ Dekayiaaspera^ Heterotrjrpa 

frondosa. 
Callopora dalei, C. subplana, Peronopora vera. 

Reappearance of Dckayella fauna. 

Callopora sigiUaroidea (lar^e form), Constellaria 

constellata var, promineas. 
Zone of Dckayella uirichi, D Obscura, Batos- 

toma JamesL B, implicatum^ Callopora sigil- 
' larotdea, Cceloclema alternatum, C. concentri- 

cum, Dallmanella multisecta, etc. 
Trinucleus conccntricus and T. bellulus. 



^Xlla. 



Nearly barren. 

Zone of Leptobalus wsig'niSf Triarthrus, becki, etc. 



>XI b. 



20' 



Low water level of Ohio river at Cincinnati. 

Tabulation of Section at Vevay. 

Platystrophia lynx (aa) (zone h). 
P.laticosta, etc. 
Zone a co h. Monticulipora molesta, Hetero- 
trrpa frondosa, H. proHBca (near top), H. 
inBecta, Callopora rugosa, C.ramosa, Nicbol- 
'{ sonella vaupeli, Raiinesquina fracta, R. nasuta, 
R. ponderosa. Hebertella sinuata. Plectorthis 
plicatella, Platystrophia laticosta, etc. 

Callopora snbplana, Homotrypa curvata, De- 
kayia aspera (zone a). 

Platystrophia bilorata, Constellaria constellata. 



Constellaria constellata, Escharopora pavonia, 
Platystrophia laticosta, (No. 73.) 

Platystrophia biforta (small), Dckayella ulrichi 
(No. 63). lowest specimens of Platystrophia. 

XRnfinesq'uina alternata very abundant, Dalman- 
i ella multisecta abundant. 



Ixi a. 



s -g 

I- 

•Q O 

a. a 
o X 



N 



t^4 



J 



Callopora oneallicommunis abundant. 

Zone of Dckayella ulrichi, etc., Dalmanella mul 
tisecta, etc., (Nos. 3 to 49). 

Trinucleus conccntricus (No. 23). 

Dckayella ulrichi, Batostoma implicatum, Callo- 
pora sigillaroides, Cocloclcma alternatum, etc. 
(No. 11), 



E" ■♦«» ^ 

5 ^ 
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101' Base of exposed section. DalmaneUa wultisecta^^ 

PJectamhonites sericeus. (No. 3). 



ot « a 

Lcrel of Ohio river at Yevay. ^^'^ 

The correspondences between these two sections are too 
apparent to need further emphasis. Numbers 3 to 49 of the 
Vevay section have an aggregate thickness of approximately 
96 feet. The same zones in the Cincinnati section have an ag- 
gregate thickness of about 100 feet. Trinucleus concentriciis 
comies in at almost exactly the same level in both sections. 
Number 63 of the Vevay section is probably to be correlated 
with the 260 foot level of the Cincinnati section and niunber 
45 with the 180 foot level of the latter. Number 73 is not 
the equivalent of Ulrich's 180 foot level. Const ellaria consteU 
lata ranges through a considerable thickness of rocks. 

Numbers a to h of the Vevay section seem to be equivalent 
to all above the 285 foot level of the Cincinnati section ; though 
the unexposed portions of the Vevay section may conceal a 
zone of Homotrypa curvata between numbers 55 and 83. Cer- 
tain it is that this well characterized species occurs abundantly 
in zone a, though not above it. If it is true that these Homo- 
trypa zones arc equivalent, then the beds XII a of Ulridi's sec- 
tion are to a large degree suppressed in the Vevay section. 

It remiains to discuss certain i)eculiarities in the range of 
several species. 

CaUopora oncalli sigillaroidcs occurs in the lowest layers as 
a very small form and increases in size but without alteration 
of internal characters as higher layers are reached passing 
apparently into the variety communis of James, a form occur- 
ring" in large masses and prodigious numbers in some of the 
higher zones. 

DckaycUa iilricJii seems to experience a similar progressive 
increase in size the variety robusta occurring in beds well up in 
the series. 

DahnancUa uiultisccta occurs in nearly every limestone 
layer up to the l)ase of the Plafysfrophia zone ; and numbers t, 
to 61 inclusive may with great propriety be called the Dalhian- 
clla uiultisccta zone. Where this species occurs abundantlv the 
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young stages can usually be obtained. Specimens in the writ- 
er's collection, of a width of less than i mm., and even so small 
as 0.5 mm. are not infrequent. These together with similar 
developmental material from the zone of Dalmanella meeki 
higher up in the series await description in another place. 

Platystrophia biforata and its varieties has been discussed 
in detail in a paper by Mr. Mauck and the writer on a quanti- 
tative study of variation in this species. There could scarctely 
be a better locality than Vevay for the collection of adequate 
series of this interesting species, and especially of the so-called 
variety lynx. 

Rafinisquina alternata also exhibits minute variations from 
zone to zone culminating in the form ponderosa of the lynr 
beds. This protean species would well repay quantitative 
study and here again Vevay would readily furnish suitable ma- 
terial. 

DESCRIPTION OF NEW SPECIES. 

Dekayia magna, n. sp. 

PLATE XXXIV, FIGS. I TO 6. 

In form) and general appearance ths species closely re- 
sembles D. aspera E. & H. The zoarium consists of irregular 
flattened branches (as in the Lawrenceburg specimen) or more 
frequently of robust frequently brandhing masses (as in the 
Vevay specimen) of a diameter of 40 mm. or more. Spines 
can occasionally be detected upon the surface. 

Tangental sections show that the cell walls are thin with 
usually a well defined median lamina. Acanthopores few, 
small. Diaphragms extremely few; occasionally one or two 
near the surface. 

Observation : This form might be considered as identical 

with D. aspera but for the small size and less frequency of the 

adtanthopores. 

Locality : Vevay and Lawrencebunf, Indiana, in the Platystrophia 
Zaticosta zone. 

Dekayella cystata, n. sp. 

PLATE XXXV^ FIGS. I TO 6a. 

Zoarium consisting of flattened branches, at times 30 mm. 
^or more in width. Surface covered with small conical monti- 
^cules, about three in the space of 5 or 6 mm. Cells 0.2 mm. to 
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0.15 mm. in rtianieter. The monticules are ccHiiposed of groups 
of .cells larger than the average interspersed with a greater 
or less nuniber of very minute cells (mespores). The latter 
are practically confined to the regions of th« monticules. 

Tangental sections reveal the characteristic cell structures 
of the g^nus, with the large and small sets of acanthopores. 

Longitiidinai sections show numerous diaphragms about 
one-hilf cell diameter apart in the large cells and much more 
numerous in the mesopores. A peculiarly characteristic thing 
is the fireseiice of an occasional cystiphragm, especially near 
the suriace. 

Observation: This species might easily be mistaken for 
Heterotrypa subpukkella from which it differs in the two sets 
of acanthopores and the presence of curved diaphragms. 

LocoKly : Veray in tbe Plalystropkia lynx beds, 

Amplexopora multlspfnosa, n. sp. 

PLATE XXXIV, FIGS, 7 tO 10. 

Zoarium consisting of frequently branching cylindrical or 
sub-cylindrical stems of an average -diameter of from 8 to lO 
mm. Surface with inconspicuous maculae. Cells of average 
size about 0.2 mm. in diameter. 

In longitudinal sections the cells are seen to be thin walled 
in the axial region and without diaphragms. They bend some- 
what abruptly toward the surface, becoming greatly thickened 
and at the same time developing in the passage from the imma- 
ture to the mature region a considerable nmnber of diaphragms 
many of which are curved or even coalesce giving the false ap- 
pearance of cystiphragms. Near the surface, diaphragms are 
again lacking. 

In tangental sections, cutting the mature region, the oell- 
walls are thick, with very clearly defined true walls thickly in- 
terspersed with small acanthopores and covered by a copious 
deposit of secondarj- schlerenchyma. 

Localiqy: Associated with Callopora communis in the uppeiDal- 
Pianclla mttllisccla beds, at Vevay and Miltoo, Indiana. 
Eridotrypa vevayensis, n. sp. 

PLATE XXXV, FIGS. 7 AND 8. 

The zoarium of this species cannot be described owing to 
the fact that all the specimens seen were fragments imbedded 
in the limestone matrix. It is however of small size. 
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Internally the species is seen in tangental and longitudinal 
sections to possess a structure closely similar to that of 
E. briareus (Nicholson sp.), from which it differs in the pres- 
ence in fair abundance of mesopores and in the general obli- 
quity of the diaphragms. The latter are more numerous in the 
mesopores. 

Locality : Vevay, Indiana, in the Dalmanella multisecta zone, asso- 
ciated with Dekayella ohscura and Callof>ora onealli: Also at a sim- 
ilar level in the Kentucky bank of the Ohio near Lawrenceburg, Ind- 
iana. 

Yale University, Oct., 1901. 
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Explanation of plate xxxiv. 

Figs. 1-6, Dekayia magna, n. sp p. 32 

Fig. I. Fragment of a zoarium from Vevay, natural size. 

Fig. 2. Fragment from Lawrenceburg, natural size. 

Fig. 3. Surface of Lawrenceburg specimen X18. 

Fig. 4. Longitudinal section of same. 

Fig. 5. Longitudinal section of a Vevay specimen. 

Fig. 6. Tangental section of 2. 
Figs. 7-10, Amplexopora multipinosa n. sp p. 34 

Fig. 7. Fragment of zoarium showing bases of four branches. 

Fig. 8. Fragment from 'which the sections represented in Figs. 
9 and 10 were cut. 

Fig. 9. Longitudinal section X18. 

Fig. 10. Tangental section near surface X53- Specimens 7-10 
from Milton, Indiana. 

Explanation of plate xxxv. 

Figs. T-6a, Dekayella cystata n. sp p. 33 

Figs. I and 2. Views of portions of two zoaria, natural size, 
showing p^eneral shape of zoarium and character of monti- 
cules. 

Fig. 3. Tangental section near surface of 2. 

Fig. 4. Longitudinal section of 2. 

Fig. 5. Tangental section of i. 

Figs. 6 and 6a. Longitudinal sections of i, showing cysti- 
phragms. Locality — Vevay, Platystrophia zone. 
Figs. 7-8, Eridotrypa vevayensis n. sp p. 35 

Fig. 7. Longitudinal section showing two mature zones. 

Fig. 8. Tangental section from same individual X50 showing 
thick walls, mcsoporcs and absence of acanthopores. Lo- 
cality. — Vevay (No. 15). 
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THE VBVAY SECTION (Numbers Refhk to Zones.) 
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THE CLEVELAND WATER SUPPLY TUNNEL. 

By S. J. PlKHCH. CI.TflfllKl. Ohio. 

Since i8()6, the city of Cleveland, Ohio, has been engaged 
in constructing a new water-works tnnnel under lake Erie, 
for the purpose of securing a sufficient and better supply of 
water. During the construction of this tunnel the geological 
features have been noted from time to time. These observa- 
tions, with the records of an older tunnel, are here presented 
to the Amerjc.\n' GmLOCisx. The object of this paper is 
to present the observations made and results shown, without 
in any way touching on theoretical ground. 

The Tunnel. 

The new tunnel commences on the cast side of the liver 
mouth about two and one half miles east of the Public 
Square, and extends in a northwest direction under the lake. 
Its length, from the shore to the permanent steel intake 
crib is 26,000 feet, — a trifle short of five miles. 

The bottom of the tunnel is 100 feet below the lake level 
at the shore, and 110 feet below at the intake crib. This 
gives a sloi>e of two feet per mile to lakeward. TTie depth 
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of water at the shore is thirty-seven feet; and at the lake 
end, fifty-seven feet. The tunnel is nine feet in diameter 
in tlie clear, and is lined throughout with three courses of 
hrick. Two temporary cribs were sunk in the lake over 
tl.e line of the tunnel to facilitate the construction, the work 
jjrogressing in each direction from the cribs and from the 
shore. 

The construction of this tunnel was begun in October, 
1896, and it is expected to be completed about a year from 
the present time. Its capacity will be 175,000,000 gallons 
in twenty-four hours. 

The Geological Featlhes. 

The entire length of the tunnel has been in a sedimentary 
deposit of very fine stratified blue clay. This seems to W- of 
similar formation to the clay fornling the bluffs along lake 
Erie, and which has been named by Newberry the Erie blue 
clay. In the workings of the tunnel this clay has been found 
to be stratified throughout by innumerable very thin strata 
of dry quicksand. While the entire deposit is built up of 
alternating strata of quicksand and clay, yet there are some 
strata more distinctly defined than others. The strata of 
day vary in thickness; but what appear to be the best de- 
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veloped strata of day range from about three-fourths of an 
inch to one and one-half inches in thickness, or even more. 
This, however, is only the general appearance; for a closer 
observation shows that these strata, and, in fact, the entire 
body of clay, may be subdivided by bands of quicksand as 
mentioned above. 

Some of the deposits of quicksand are plainly observable, 
as those which separate the clay into layers of about one inch 
in thickness. The thin seams of quicksand separating the 
clay vary, but they seldom measure three-sixteenths of an 
mch in thickness. The general thickness of the quicksand 
IS from a sixty-fourth of an inch, or less, to an eighth of 
an inch. Often the seams are so fine that they are not vis- 
ible to the unaided eye. But taking the clay and pulling it 
at right angles to the line of stratification will divide it per- 
fectly along the strata as if cut with a knife. Al times 
sheets of cla_\' from one to several inches in thickness fall 
from the roof of the tunnel like broad strips of rubber belt- 
ing. The clay is very tenacious and can be peeled off the roof 
by the yard in almost any desired thickness, like the bark 
from a tree. 

The strata are horizontal in the greater part of the work- 
ings, but places are foimd where they have been more or 
less disturbed by wave action. Some places show cross bed- 
ding, and others are much folded. 

In no place has anything but stratified material been 
found, and that of the finest composition. At a few places 
fine sand has been found ; but they appear mainly as pock- 
ets. The amount of quicksand which enters into the compo- 
sition of tlie body of the clay varies scwnewhat from point to 
point; but where more than the normal amount is present it 
becomes wfliat is termed "short,'' 1. u. it breaks readily and is ^| 
not easily supported by the coniprfsjcd air. ^H 

It nia\- he stated here that all work is done under a press- ^^^B 
urc of about two atmospheres. This supports the c^^^J'r*'^^^ 
the roof and keeps it from coming in at the fBCe* Ti*'" 
keeping in check the gas which is found more or leg**" ' 
out the clay. 

Tlie following analyses were made by J 
of the Case School of Applied Scienr— "^ 
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quicksand, 7,900 feet from the shore. No. 2 is clay from 

the same place. No. 3 is clay, 19,600 feet from the shore. 

No. 1. No. 2. No. 3. 

Combined water H2O 6.40 7.60 7.57 

Total Bilic^ Si02 62.50 60.60 53.53 

Quartz or free silica 29.3 32.5 

Alumina AI2O3 11.30 16.20 23.76 

Iron oxide Fe20s 6.52 2.60 215 

Calcium oxide CaO 7.25 5 05 7.16 

Magnesium oxide MgO 1.75 3.00 3.06 

Potassium oxide K2O 2.20 2.20 .24 

Sodium oxide Na20 1.30 1.01 ,46 

Sulphuric anhydride SOs 27 .72 1.63 

Carbonic " CO2 15 .32 .64 

Titanium oxide Ti02 60 .27 .20 

100.24 99.57 100.40 

Glacial Material. 

Quite a number of fragments of rock, both glaciated and 
unglaciated, have been found. None of these have exceeded 
eighteen inches in longest diameter, the majority being much 
smaller. None have been much less than two inches in diam- 
eter. Many were more or less rounded and smoothed by the 
action of water ; some were very roughly angular, showing no 
glacial or water action at all ; others showed very perfect 
and deep striae on two or more sides. 

The distribution of the rock fragments has been quite uni- 
form, but somewhat more frequent near the shore than a few 
miles out. At no place could they be said to be plentiful. 
They varied much in material ; many were syenites, and, with 
the exceptions of the shales and sandstones, they were of for- 
eign origin. Though fine gravel or coarse sand was found in 
a few places, it is a noticeable fact that the rock fraginents 
and the gravel (or more properly sand) did not grade into 
each other. 

An Old River Channel. 

The records of the Cleveland Water Works Department 
in Volume 16, contain some interesting information in regard 
to the two nearly parallel tunnels, each about one mile and a 
quarter in length, which are now in use, completed respectively 
in 1874 and 1890, situated close west to the Cuyahoga river 
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mouth. In the construction of one of these tunnels, what was 
apparently the channel of the old Cuyahoga was found at a 
depth of about eighty-five feet below the surface of the lake. 

A description of the preglacial valley of the Cuyahoga 
river was given in the Amekican Geologist, September, 
1897. By way of explanation to the following, it may be 
stated that the records of numerous wells drilled in Cleveland 
and vicinity, show a deep V-shaped preglacial valley empty- 
ing into lake Erie. The deepest part of this old valley, as 
determined by its rock walls and bottom, is about three and 
a half or f:ur miles east of the present mouth of the river, 
and has a (!i']jt!i of about 450 feet below the lake level. The 
east side of this old valley is quite abrupt. From the deepest 
part its west side rises gradually and outcrops a short dis- 
tance beyond the mouth of the river. This preglacial valley 
ha-i been traced back from the lake front about nine miles. It 
i? now entirely filled with a sedimentary deposit, over and 
through which the present river flows. It is probably in this 
deposit which extends under lake Erie that the old river course 
was discovered. This old channel, which is described below, 
is over eiglity feet below the present lake level. 

I'be best idea is obtained from a part of the report of \'. 1- 
uiic 16, as follows: 

"When the test holes were bored in the clay along the line 
iif the tunnel, care was taken to sink them far enough away 
from the proposed line to avoid any danger of running tlie 
tunnel near them, in case the crib could not be located upon 
the spot designated. The outer boring was made about 300 
feet westerly from the crib, and the clay brought up was of 
the best quality for tunneling in : and that under the crib is 
believed to be only a pocket or narrow valley in the original 
deposit, subsequently fillud by clay sediment, and not yet so'id- 
iTied, though having ])recisely the same appearance as the 
harder clay when dried. In building the shore end of the 
tunnel two such deposits were passed thrr-ugli, the soft de- 
posits first appearing at the top of the excavation, and imlin- 
ing at such an angle that after digging but a few feet the wliol? 
excavation was in this soft clay; this ivas conlintted { 
exception of a narrow ridge or island of hard "*i™ 
about the center of the tunnel) for a ';=»«"" 
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when the hard clay was again met with at the bottom of the ex- 
cavation, and leaving the soft clay at an angle inclined in an 
opposite direction from that in which it was entered. The 
second deposit of this character was entered and left the same 
as the first, the second being a little longer than the first. 

"The horizontal direction of the first deposit was from 
southeast to northwest, and that of the second deposit was 
from southwest to northeast, the sides forming what appear to 
have been the banks of an old water course. The clay under 
the crib being the sair.c as found nearer shore in this valley 
leads to the belief that it rests on the deposit filling this old 
channel." 

The soft material on which this crib rests is well shown 
in the fact that during a storm shortly after it was placed, it 
sank eleven feet in one night, and has settled over thirteen 
feet in all. ' 

The clay through which both the old tunnels were exca- 
vated is reported to have been unstratified, except at the lo- 
calities noted as parts of an old river channel. But the new 
tunnel passes all the way, nearly fivt miles, in stratified clay ; 
and the shaft at tl:c new intake crib was wholly in stratified 
clay from the lake bed to the bottom of the tunnel, fifty-three 
feet. The old tunnels are at the upper part of the western as- 
cending slope from the su])merged continuation of the pre- 
giacial and dii.'t-filled Cuyal:oga valley; and the new tunnel 
lies nearly at the center, though not the deepest part, of that 
\ alley. 



EDliTmiAL COMMENT. 



KUNDA.MENTAL CHANGI^S IN THE ARCHEAN AND ALCONKIAN, AS 
UNDERSTOOD BY PROF. VAN HISE OF THE UNITED 
STATES GEOLOGICAL SURVEY. 

The following extracts are froan the twenty-first annual re- 
port of the United States Geological Survey, part 3, pp. 317 
and 402, 1901. Their bearing on the diflFerences that exist con- 
cerning these rocks between the United States and the Min- 
nesota surveys is apparent to those who have been familiar 
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with the course of investigation of the gfxiogy of the Lake Su- 
perior region, 

"The lorfgoing papers* render it unnecessary for m* here to take 
up ihc general stratigraphy of the lake Superior region. However, our 
work norlh of lake Superior, in northeastern Minnesota and Canada, 
has upon two points modified our pubUshed conclusions as to succes- 
sion and correlation. Those who compare this paper with other pa- 
pers will note two important modifications, first, the Archean has 
heretofore been supposed to be composed wholly of igneous rocks, no 
sediments having been recognized in this divsion of the pre- Cambrian. 
The norlh-shore work, however, makes it very probable that certain 
of ihe sedimentary iron-bearing formations must be included in the 
Archean. As examples of such are the productive iron formatiot.s of 
the Vermilion and Michipicolen districts. This modification U im- 
portant from a theoretical point of view, since it will make changes nec- 
essary in my general definition of the Archean and of the Algoiikian. 
The Algonkian has been defined to include all pre-Cambrian sediment- 
.iry rocks. The Archean has been defined to include all pre-Algonkian 
rocks, and has been supposed to contain igneous rocks only. These 
definitions must be modified so as to include in the Algonkian all pre- 
Cambrian series which are domlnantly of sedimentary origin or cttuJv- 
alent in age with those which are dominantly of sedimentary origin. 
The Archean must be defined to comprise the rocks older than the 
.Mgonkian which are dominantly of igneous origin, but which may in- 
clude subordinate amounts of sediments. Recent work in northwest- 
ern Europe, and especially in Scotland, Scandinavia and Finland, where 
the ancient rocks are best exposed in Europe, shows that these modi- 
fications in the definitions of (he Archean and Algonkian are also there 
applicable. The changes are quite in line with what might be expected, 
for in recent years no one feature in geological advance has been more 
significant that llie sweeping away of sharp dividing lines betwe*n the 
various periods. 

"Second, the iron-bearing formations of the Vermilion and similar 
dijiricts 1 have heretofore regarded as Lower Huronian. In placing 
there tormalions in the Archean I recognize three series in which pro- 
ductive ore forni;;lions are fotiiid, the Upper Huronian, the Lower Hur- 
onian, and the Archean, 

"The tvidcrcc tij-on which these modifications of my opinion con- 
cerning the Lake Superior stratigraphy arc based cannot be her-: pre- 
senttd in detail. It will be fully given in a monograph on the Ve:mit- 
ion district to be published later. In general it may. however. t>e .Mated 
ihal our work in the Vermilion district of Minnesota and on the Canad- 
ian -ide of i]:e inttrnaiinnal boundary has convinced us that ban>Is of 
scdimciilary iron-hearing formation are interslralified with the upper 
part of the oldest series of Ihe Lake Supeirior region, composed of 
grecnsifmes, greenstone schists and tuffs, although the thick prodnrtiTe 
beds of the .-Xrchean appear to rest upon the greenstones P»d (;rren- 
Mone schists." • • . * • * • • 
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The succession of formations above given differs from that which I 
supposed would be foimd before the Vermilion district was studied in 
detail. I had supposed that the Animikie series was equivalent lo the 
scries here placed in the Lower Huronian. When the relations v-ere 
first studied in the field by the members of the United Stales Geolog- 
ical Survey, Mr. Clements and Mr. Leith thought that the relations 
of the two series was those of unconformity. When I reached the field 
later and saw the same facts, I was inclined to believe that the phenom- 
ena were more likely to be explained by overlap. However, in the 
season of 1900, when Mr. Leith began studies upon the Mcsabi district, 
he showed that the Mesabi scries, which is undoubtedly the equivalent 
of the Animikie series, with gentle inclination rests un con form ably 
upon vertical slates and conglomerates equivalent to the Knife Lake 
slates and Ogishke conglomerates. I have therefore no doubt that the 
correct interpretation of the phenomena in the Vermilion district is 
thai of nnconformity between the Animikie series and the Lower Hii- 

"Bcforc closely studying the Vermilion district in the field, suppos- 
ing the two scries to be the same, I also thought it probable that ihe 
iron-bearing formation of the Vermilion would turn out to be the 
equivalent of the Lower Huronian iron-bearing formation of the south 
shore of lake Superior in the Marquette district. But very careful \.ork 
by Messrs. Clements. Mcrriam. Leith and myself has failed to di^cover 
anj' great structural break between the Soudan formation and the great 
Ely greenstone formation which is undoubtedly Archcan. Therefore 
we now recogni/.e an iron-bearing formation in the Archean. Here, 
as elsewhere in the Lake Superior region, there is great unconformity 
between the basal Archean complex, consisting mainly of granites, 
gneisses, greenstone schists, and greenstones, but containing snboriiinate 
amounts of sediments, and the sedimentary series of (he Lower Hii- 

These inoclifications, barring differences of nomenclature, 
constitute an important step toward concordance respecting the 
generaj geological structure of northeastern Minnesota, be- 
tween the United States and the Alinnesota surveys. The s'udy 
and interpretation of the geology of the Lake Superior region, 
and of the iron ores found on both sides of that great depress- 
ion, is a ver\- arduous and coiuplicated undertaking. Then is 
no reason to expect complete agreement between the observers 
who work on the different parts of the problem, even when Ihey 
examine the same facts at distant points. Nortlicm Minni..sota 
is a district in which the oldest rocks can be studied with ex- 
ceptional ease. The classification which may be ultitn.Ucly 
evolved when they are fully worked up, in coiuiection with the 
adjiteni portions of Canada, will be likely to stand for many 
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years as the American standard for those rocks. There is no 
doubt that numerous errors will be committed in the first an- 
nouncements by the various surveys, and by the partial investi- 
gators, necessitating modifications when they shall be discov- 
ered. It is to be hoped that all will be as ready to admit 
changes in their interpretations when convinced of error, as 
is Prof. Van Hise. At a future occasion the writer will perhaps 
call attention more in detail to the effect of these modifications, 

N. H. W. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



A Treatise on Zoology. Edited by E. Ray Lankester. Part III. 

The Echinoderma, by F. A. Bather, assisted by J. W. Gregory and 

E. S. Goodrich. (A. and C. Black, London, 1900. pp. i-viii, 1-344.) 

The student of zoolog>', if he wishes an elementary text-book, finds 

as great difficulty in making his selection as he does in buying a new 

bicycle or typewriter. Apparently the more advanced student will not 

be thus hampered by an embarrassment of riches, for it is doubtful 

whether any work aims as high and attains as much as the volume 

under review. 

The average worker who has added somewhat to his primary 
zoological training finds it a dreary and often fruitless performance 
to extract the new facts of science or the present state of knowledge 
on any particular topic from the almost endless collection of *'elenent- 
ary" tcxt-lK)oks. no matter how valuable they may be in fulfilling their 
true function. It is almost equally tiresome to sift out the same in- 
formation from the great mass of technical papers on particular 
things. The present volume supplies in a large degree this deficit-ncy 
for the Echinoderma. and is a most welcome addition to general 
zoological literature. The entire series is planned to include ten 
parts, of which this is the third. Each of the larger groups of an- 
imals is to be described by a separate author after a definite model, in 
order to secure uniformity both in scope and method. 

'J'he general systematic survey of the phylum Echinoderma. with its 
seven classes, is quite full and comprehensive and includes the main 
facts of ontogeny, phylogeny, anatomy, and classification. The orders 
and families are all clearly defined and most of the prominent genera 
are reviewed and mentioned. One of the striking features of this 
volume is the fullness with which the fossil forms are treated, thus 
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according them their true value in any general treatise on echino- 
derm morphogeny. Instead of the starfishes and sea-urchins con- 
stituting the entire program, or "whole show," as they do in the minds 
of the average student and in half of the text-books, here they form 
but the last two of the seven classes recognized, and the length of their 
discussion is in. proper proportion. It is sincerely to be hoped that 
similar true values will be given among other classes, whether ex- 
tinct or not. 

The phylum Echinoderma comprises two divisions or grades, the 
Pelmatozoa and the Eleutherozoa. In the first are the classes Cys- 
tidea, Blastoidea. Crinoidea, and Edrioasteroidea. In the second 
grade are the Holothuroidea, Stelleroidea, and Echinoidea. This ar- 
rangement shows the unequal value of the classes and does not ex- 
press their phylogenetic relations. The latter probably would be more 
truly represented, according to Bather, by placing a primitive class^ 
Amphoridea, at the base and deducing from it several lines of de- 
scent; namely, Edrioasteroidea, Anomalocystida, Aporita, Rhombifera. 
and Diploporita. From the Edrioasteroid line, it is supposed, there 
sprang first Holothurians, then Stelleroidea, then Echinoidea. The 
blastoids are included in the Diploporite line, and from them as a 
fresh development with a new lease of life arose the important class 
Crinoidea, whose discussion occupies, as is wholly proper, nearly one- 
third of the present volume. 

The class Stelleroidea comprises the Asteroidea and Ophiuroidea, 
generally considered as quite distinct. Some recent genera, however, 
and many of the fossil forms show that no clear line of separation 
can be drawn, though the names are still retained for simple conven- 
ience. 

The usual primary subdivisions of the Echinoidea into two sub- 
classes, the Paheechinoidea and Euechinoidea, have been abandoned 
and the older divisions Regularia and Irregularia adopted. The prim- 
itive ancestral Echinoid is unknown, though it is evident that the first 
forms were small sac-like bodies, with the mouth and arms at oppo- 
site poles and the muscular body supported by a series of angular 
plates, of which five pairs were perforated by pores. The thickening of 
the plates and the consequent loss of flexibility is believed to explain 
the reduction in the numl>er of vertical rows taking place in the passage 
from paleozoic to neozoic j2:enera. c. E. r.. 

Recently Discovered Extinct Vertebrates from Egypt. By Ch.\.s W. 

Andrews, D. Sc, F. G. S., of the British Museum. (The Geological 

Magazine, September and October, 1901.) 

Northern Africa has long been regarded with peculiar interest, for 
the reason that the geographical distribution and stage of development 
of many Recent and Ca.*nozoic vertebrates, gave evidence that Africa 
was a centre in which they evolved and from which they migrated. 
Through the courtesy of the Egyptian Survey. Mr. Andrews has vis- 
ited the Libyan des.ert, with eminently satisfactory results. 

The formations extend from Eocene through Pliocene, and contain- 
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a large number of fossiliferous horizons. Mammals, reptiles, turtles, 
crocodiles, and fishes were found in large numbers. 

Among the most interesting of these discoveries is a (presumably) 
Lower Oligocene proboscidian, for which Mr. Andrews proposes the 
name Palaeomastodon hcadnelli. The Proboscidia are a most c.»:tra- 
ordinary group in point of specialization, their tooth and foot struct- 
ure being unique in the animal kingdom. The Lower Miocene of 
Europe has long been noteworthy for the first appearance of the group 
in a highly specialized form. Mastodon angustidcns. It is of great 
interest to find that Palaeomastodon presents a tooth structure of much 
greater simplicity and more generalized type than this most pritJiitive 
previously known prolxDScidian. Other members of the group were 
found, and we may henceforth look upon northern Africa as their cen- 
tre of radiation. 

The evolution of the African fauna is entirely independent, the 
animals differing from those found in deposits of the same age in 
Europe. The existence of a large and long isolated land area V> the 
south is thus indicated. i. h. o. 

Ueber die Entivick clung dcr Silurischcn Scdimcnte in Bohem und in 

Sudzvcstcn Euro pas, von Fritz Frech, niit 6 fig. (Neuen Jahrbuch 

fur Mincralogie etc., Jahrg. 1899, Bd. ii.) 

This article collates from various sources (the works of Barrande 

Bergeron Barrios Brogger, etc.) information gathered as to the 

changes of the Silurian and Cambrian sediments in various parts of 

western Europe. 

The author describes a continental area extending from nortJ. of 
Bohemia through France and Spain where no upper Cambrian sedi- 
ments have been found as separating two marine areas in the N. W. of 
and the S. E. of Europe respectively. Over this island by transgression 
in Lower Ordovician time the sea gradually spread introducing the 
great Asaphi and eventually the Calymmenidae into areas which prev- 
iously had only coarse sediments, conglomerates, grauwackes and 
coarse sandstones. The depression went on until abysmal forms like 
the graptolites and the radiolarians appeared and spread over wide 
areas, especially in England, France, and the eastern Alps as well as 
the northwestern or Scandinavian sea of that period. The article dis- 
cusses and approves of Dr. Brogger's determinations of the equivalent 
of the Ceratopyge fauna (Tremadac) with his interpretation of the 
genera mentioned in the works of Barrois, Bergeron, Salter and ethers 
who have studic^d the faunas of this period of PaltTozoic time. 

G. K. M. 
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CORRESPONDENCE. 



When was the Mississirn River Valley Formed? The age of 
the Mississippi river seems to be sometimes a question. On the flood 
plain and along the bluffs at Clinton and Davenport, Iowa, and at 
numerous other places are deposits of the CaTlx)niferous like the un- 
der clay of the Illinois coal fields, evidently renmants of the lower 
coal formation which was deposited and then swept away by the river 
when an elevation occurred. The town plot of Clinton is filled with 
these pits, which are uncovered in making foundations. Some deep 
pits were excavated in making the foundations for the Rock Island 
government works some years ago. 

Prof Hall in the first volume of Iowa geological reports noticed 
this, and gave some figures. One was shown in a quarry at Rock 
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Island, opposite Davenport, in the Le Claire limestone. "In the midst 
of this was the impression of a large Euomphalus distinct from any 
known in the surrounding rocks and very similar to a Carboniferous 
form, X X. The conclusion seems therefore irresistible that subse- 
quent to the uplifting of these rocks and their denudation, the mater- 
ials of the coal measures were deposited upon the surface of the older 
rocks."* He cites several other instances. At Clinton these pockets 
of Carboniferous clay are frequent in the quarries at the bluff and in 
pits found in every direction where the rock is unco^'ered on the 
town plot. The crevices and cavities in the quarries were filled from 
the top about fifty feet above the present river. In one observed there 
was a chimney opening down to a large cavity, extending across the 
quarry, a hundred feet or more. There were also numerous smaller 
pits in the vicinity, in which the clay looked like cannel coal and had 
fragments of carbonized wood in it. The larger cavity was exca- 
vated for pottery clay. There were no fossils found except some 
pieces of pryritizcd wood. The darkest material put into the fire 
turned very red from the large portion of oxide of iron. A large 
deposit of this clay was found at the foot of another quarry. 

My attention has been called several times to indications of sup- 
posed coal mines in the deep channels of streams that run into the 
river. Pits were filled with coal-like clay similar to that above 
described. 

The openings of these crevices in the bluff are fifty or sixty feet 
above the river, 575 feet above sea level, say 635 feet. 

This shale and a Carboniferous sandstone with traces of Car- 
boniferous fossils have been traced into Jones county, twenty or 
thirty miles north. In fact it has been found in counties farther 
north. The flood-plain of the Mississippi at Qinton is 200 feet be- 
low the prairie level. A subsidence of a hundred feet would cover 
these deposits. At Rapids City, thirty miles below Clinton, coal is 
mined, its under-clay resting on the Niagara rock on a level with the 
flood-plain of the river. The subsidence of a hundred feet allowed 
the Carboniferous sea to flow up the river valley and cause the de- 
posit of the Carboniferous material of that period. It is therefore 
obvious that the valley is pre-Glacial by a long period. 

The record is much more ancient. It has been demonstrated that 
the original surface of Iowa was furrowed by deep channels and great 
denudation, probably in the Devonian age. Deep wells 300 feet or 
more in the drift, and mounds capped with the Niagara limestone 
near Dubuque and Galena, are evidences of the g^eat erosion. The 
singular region called the driftless area in the comer of Iowa and 
Wisconsin, is probably a fair representation of the land surface of 
this middle west in Paleozoic times. This driftless portion is cut into 
conical hills 200, 300 and even 500 feet high, divided by ravines and 
canyons, the streams of which have cut channels down to the level 
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of the Mississippi valley and have filled up fiords at their mouths of 
unknown depth. The drift has covered the rest of the country higher 
than these hills. 

Spencer has demonstrated from the deep channels at the mouth 
of the St. Lawrence, traces in the gulf, and the continuation of the 
Hudson river in New York bay, and from other data, that the east- 
ern part of the continent once was very greatly elevated, when its 
rivers cut deep canyons and fiords similar to the canyon of the pres- 
ent Colorado. Then a depression and submersion, out of which not 
all the coast was raised. 

The evidences are that the interior of the continent was also ele- 
vated after the Devonian period, and was washed by great denuding 
and erosive floods. The Mississippi valley has survived as the great 
water way of succeeding ages, while others have been filled. This 
is the inference, to some extent, of Prof. Chamberlin, who says, "the 
course of the Mississippi river is along the shore of the Devonian sea.* 
The present channel of the Mississippi is from ico to 200 feet above 
its ancient bed. A deep boring at La Crosse showed sand and loose 
material to the depth of 147 feet. Rock river at Janesville is at least 
250 feet above its ancient valley." At Clinton soundings for the 
railroad bridge went through sand and gravel 80. 100 and 150 feet to 
the rock Ijelow the water. The ancient channel is the sand plain be- 
yond and has been sounded for more than 200 feet. A buried ravine 
runs through the town plot of Clinton, which has been explored for 
foundations to the depth of 100 feet without reaching the bed rock. 
Prof. Chamberlin says, "the cutting down of the ravines in the drift- 
less area began in the early Devonian agef and was evidently a period 
of elevation. A subsidence took place at the beginning of the Carl)on- 
iferous period, and to such an extent as to make a lagoon or placid 
bayou of the river valley up to and beyond Dubuque. In this quiet 
water was deposited clay and vegetation that forms coal. Its depth 
was approximately a hundred feet. A moderate elevation ensued 
which brought the valley to its present level and the coal forniiition 
was swept away, excepting only the traces left in these fissures and 
pits. 

The most interesting geological history of the Mississippi valley 
is yet to be written. It has only been touched on here and there. 
It was a great river on an elevated plateau on the Niagara in this 
vicinity, at the close of the Devonian period. It fell into the gulf of 
Mexico at the mouth of the Ohio. It cut a broad deep valley varying 
from two to ten miles wide. The river itself is wider where trib- 
utary rivers check the current. The valley grows somewhat narrower 
near Dubuque, above which it has the same depth but is somewhat 
more regular in its outline. It is thence a grand Niagara river gorge 
on a grand scale, to St. Paul. 

The glacial era, at its close, left its marks on many places in the 



•Wisconsin reports, vol. i, p. 2f>3. 
^Geology of Wisconsin, vol. i, p. 153. 
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river valley. It was filled with ice to the prairie level. When the 
ice melted and the higher land appeared, the water cut new channels 
along the border in many places ; notably at the upper and lower 
rapids, and further down. The "old father of waters," has not had 
sufficient time or force to deepen these channels. It is on these in- 
complete cuttings that the United States government is spending large 
sums of money. At the closing up of the ice-period many of the 
tributary streams also lost their old courses and cut new ones. This is 
the situation of many of the rivers of Iowa which has puzzled ob- 
servers. P. J. Farnsworth. 
Clinton, Iowa, Oct. 12, igoi. 

Recent Decline in the Level of Lake Nicaragua. — About a year 
ago (October, 1900), Mr. J. Crawford published a letter in the American 
Geologist in which criticism is made of Dr. Heilprin's claim that the 
water-level in lake Nicaragua had fallen 20 feet between the years 1880 
and 1898. In the course of his criticism Mr. Crawford says : "If be- 
tween 1880 and i8g8 there has been a decline of 20 feet from the 1880 
level of lake Nicaragua from any cause, then the beach marks of the 
1880 level would be easily found along the borders of the lake. But 
there is no such evidence to be found." While I have no data which 
would enable me to discuss the time-element in controversy, I did secure 
evidence, during my visit to Nicaragua in 1892-3, of a comparatively 
recent subsidence of the level of lake Nicaragua, and discussed it briefly 
in a paper published in 1896.* 

It may be of interest, even at this late day, to quote the papir in 
question : 

"The peculiar exposure of which notice is here made is found on the 
Manuel Vargas ranch, east of San Carlos, Nicaragua, on the south bank 
of the San Juan river. The river, here only twelve miles from the cutlet 
of lake Nicaragua, flows due east and cuts into a terrace on the southern 
shore, forming a vertical bank which gradually rises from the low 1 iver- 
bottom at its eastern extremity, and reaches a height of more than fif- 
teen feet at the western extremity of the shell-bearing portion. This 
bank, for one hundred yards from its eastern extremity, consists of fine 
alluvium which is literally packd with Unio shells, frequently cemented 
together by calcareous tufa into large masses. 

"The shell-bearing portion of the exposure avergiges about twelve 
feet in height, but the surface of the ground gradually rises back i!om 
the river, and shells were traced along the surface to a point more than 
one hundred and fifty feet from the shore, this point being fiftce \ or 
twenty feet above the river which had then (March 12th, 1893) not yet 
reached its lowest stage. This indicates a total thickness of the deposit 
of more than fifteen, and probably not less than twenty feet. 

"There are three species of Unio in the series of shells collected from 
the bank, and they are identical with living species found now in the mud 
of the river at the foot of the exposure. Many of the fossil shells still 

*BuII. Lab. Nat. Hist., State Univ., Iowa, vol.iv, pp. 94-95. A .SicuraKuan 
Shell-bank. 
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have their valves united by the ligament, and not a few are in a vertical 
position, showing that the shells had been deposited in situ. Vhese 
species are now found living in abundance in the river in the mud close 
to the shores, and the fossil shells no doubt were developed under sim- 
ilar conditions. 

"The conclusion naturally follows that at one time the San Juan 
river and, of course, lake Nicaragua, of which it is the outlet, had their 
low water mark more than fifteen feet above the present level ; that the 
river has since cut through the eastern barriers to its present level, in 
its downward progress gradually depositing an oblique sheet of shell- 
bearing alluvium ; and that the level of the lake has correspondingly 
fallen. Lake Nicaragua is today more than one hundred feet above sea- 
level. The San Juan river therefore has sufficient fall for further ef- 
fective erosion, which is, without doubt, going on at an increasing rate, 
and the conclusion seems irresistible that the lake is destined to a 
further reduction of its level, and a still further contraction of its area, 
and that within no distant future ; since it is evident from the compara- 
tively perfect preservation of the shells above mentioned that the whole 
shell-bank is a very recent affair indeed, as terrestrial changes go. 

"In view of the attempted construction of vast public works along 
the valley of the San Juan river, the importance of this conclusion is 
sufficiently obvious. 

"While the lake cannot be wholly drained, its greatest depth being 
about two hundred and forty feet and the elevation of its surface above 
sea level being one hundred and ten feet, its average depth is such that 
a comparatively slight fall in its general level must cause a great con- 
traction of its area — a circumstance of much importance to the cities 
and towns along its shores. 

"The building of the proposed great Ochoa dam across the lower 
San Juan river in connection with the construction of the Nicaragua 
canal is probably the only thing that would arrest this erosion, and 
would secure the retenton of this vast and important inland reservoir 
of fresh water." 

All that part of the river valley lying above the point here discussed 
was evidently at no remote time covered by the waters of the lake which 
have since receded to San Carlos because of the lowering of the river 
channel and cons6quently of the lake level. 

The deposit of shells here discussed is not to be compared with the 
shell heaps sometimes found along shores, but was evidently formed 
gradually, and represents an old Unio bed. 

In considering the extent of the change in the altitude of the water- 
level in the lake, which is shown by this deposit, it must be borne in mind 
that to live Unios must be constantly submerged, and that therefore the 
highest portion of the shell-bank represents what at one time was less 
than the lowest stage of water in the lake. It is true that these Unios 
(fresh water mussels) are capable of creeping about more or less, but 
nowhere do whole colonies of them move upward with the floods, lo be 
stranded when the waters again recede. 
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Whatever may be the exact dates or altitudes involved, it is certain 
that the waters of lake Nicaragua have subsided in comparatively recent 
years, and that the way to save lake Nicaragua is to construct the great 
canal. B. Shimek. 

State University of Iowa, Nov. 25, 1901. 
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Dr. H. M. Ami, of the Geological Survey of Canada, who 
sustained a rather severe injury to hs left arm and shoulder 
last September, from a fall down the steep cliff at Cap a 
L'Aigle below Quebec City, is sufficiently recovered to resume 
his official duties at Ottawa. 

Dr. Thomas L. \\'alker, of the Geological Survey of 
India, and formerly lecturer in Toronto University, has been 
appointed professor of Mineralogy and Petrography in the 
same universitv. Authorities at Toronto University have not 
yet selected from the many candidates the man to fill the vacant 
chair of Geology^ and Paleontology. 

Gkologicai. Society of Washington. On November i^th 
the following program was presented : "Pyrite and Marca.-.ite," 
H. X. Stokes; "The Geographic Features of New Mexico," 
R. T. Hill; "Occurrences of Petroleum in the Northern Pock- 
ies," J'ailey Willis. The program for the meeting on Xov. 
27th was devoted to "The ( ieology of Cuba." as follows : 
"Physiography," C. \\' . Hayes ; "General geology and geoi.)gic 
history," T. W. Vaughan ; "Economic Geology," A. C. Spencer. 

Lehigh University is erecting a stone laboratory, 90 fc. by 
43 ft. to be used in connection with the steam engineering work 
of the course in mechanical engineering. Next fall the univer- 
sity will offer a new and extended course in electro-metallurgy 
— the first of its kind, it is believed, to be established in this 
coinitry. The departments of civil engineering and of geology 
have recently received valuable gifts in the shape of surveying 
instruments, micn\scopes, and geological specimens f(^r the mic- 
rosco])ic study of nx*ks. 

Ix NovEMHEK Dr. J. W. Spencer left Toronto with Mrs. 
Spencer to s])end several months in Mexico and Central Amer- 
ica, intending to return to Washington about Mav i. The 
object of his travels is to make further investigation of the 
plateau forms, valleys and caiions for the ])urpose of compari- 
son with the drowned features of the West Fndian region. He 
had ])reviously discovered the ireological canal and the proof 
of a very late l^leist cene shalhnv water connecti<Mi bet'veen 
the jnilf <>f Mexico and the Pacific. It is over the isthmus of 
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Tehauntepec. The gravel plain of the floor is now raised up 
800 feet. This canal is a mile long, 150 feet deep, and narrow, 
with its floor covered with rounded gravel, which merges into 
a terrace on the gulf side. 

An Interesting Intercollegiate Excursion of teachers 
and advanced students, under the guidance of professor W. M. 
Davis, of Harvard University, was made on October 19th to 
the river terraces in. the Westfield river valley, in Massachu- 
setts. The particular aim was to work out the control of rock 
ledges upon the distribution and topography of the terraces. 
Forty-six persons were present, representing twelve institu- 
tions. The success of the trip has encouraged its promoters 
to hope for others in 1902, to bring together members of the 
varicus higher institutions of learning in New England. 

The Field Work of tiik I'^irst Year Research Course 
in geology at Harvard University, for this year, is an elabora- 
tion of that begun two years ago. At present eighteen men are 
engaged in a geological survey of the metropolitan district of 
Boston, including the Bostrn Basin and its surrounding igne- 
ous and sedimentary rocks. The members are acting as volun- 
teer assistants on the V . S. Geological Survey, under Dr. T. A. 
Jagger, Jr., as a regular office of the survey; and the \vork, 
which is based upon recent detailed topographic mapping of the 
survey, is submitted with a view to ultimate publication by that 
organization, as folios or reports. The nine field parties cover 
territory stretching from Marblehead on the north to Nantasket 
on the south, and from the ocean west to Bedford and Dover. 

Geological Extloratjoxs xear Athens. The British 
Museum during the past summer has obtained some imjxDrtant 
fossils of tertiary mammals at Pikermi, near the Marathon road, 
about twelve miles from Athens. The specimens were found at 
a considerable depth below the bed of a mountain torrent, and 
were so jammed together that evidently the animals were 
buried alive, probably by torrential action. About fifty >ears 
ago Dr. Albert Gandry in this locality obtained a great number 
of fossils for the Paris nmscum. Since then the Vienna acad- 
emy has made a similar collection ; but until the present year the 
British museum had sent no expedition to this field. Among 
the principal finds were numerous bones of Hipparion, the 
three-toed predecessor of the horse; HcUadothcrinm, a sbort- 
necked girafl^e allied to the Oka pi, the new mammal recently 
discovered by Sir Henry Johnston in the forests of the Kongo 
state: several skulls of Mastodon, and skulls, teeth and bones 
of the great saber-toothed tiger Machaerodus, specimens of 
which have been found in England. One of the prizes was the 
remains of perhaps the largest tortoise ever found in Europe. 
Very few bones of rodents or of birds were found, but a con- 
siderable collection of land shells was obtained. Dr. A. S. 
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Woodward, who was in charge of the excavation, has forward- 
ed to the British museum forty-seven large cases of fossils. — 
Nat. Geog. Mag, 

I HAVE BEEN UNABLE TO OBTAIN pOsitive prOof of the dis- 

covery of any implements used by man in gravels covered by 
so-called lavas, or human remains in auriferous deposits in 
place in any part of California. I have for years kept this mat- 
ter in view and eagerly sought information when discoveries 
were announced, but have met with an insurmountable doubt 
when the evidence was carefully investigated. The same un- 
certainty applies to discoveries made at the bottom of vertical 
shafts, for surface objects may accidentally fall or be thrown 
into them purposely. H. G. Hanks. 
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